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DIVISION OF CANCER BIOLOGY AND DIAGNOSIS
NATIONAL CANCER INSTITUTE

SUMMARY REPORT
OF THE
DIRECTOR

October 1, 1978 through September 30, 1979

INTRODUCTION

The Division of Cancer Biology and Diagnosis consists of both intramural

and extramural research programs in the biology and diagnosis of cancer.

The Division also coordinates the activities of the Breast Cancer Task Force

and the Lung Cancer Screening Program. A close coordination is maintained

with other divisions of NCI in areas of common interest.

The intramural research program consists of three broad areas:

cancer biology, immunology and clinical research. A group of laboratories

performing basic research in cancer biology includes the Laboratories of

Biochemistry, Pathophysiology, Molecular Biology and Theoretical Biology.

The Intramural Immunology Program consists of the Immunology Branch and the

Laboratories of Immunobiology , Immunodiagnosis and Cell Biology. Three

clinical branches work in the fields of Dermatology, Metabolism, and

Pathology. A fourth organizational element, under the Associate Director

for Extramural Research Program, manages the four major extramural programs:

Tumor Biology, Immunology, Cancer Diagnosis, and Breast Cancer Task Force.

Last year the Division was reorganized according to the new guidelines

separating the intramural program from the extramural program. The new

organizational chart is shown on the next page.
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CANCER BIOLOGY

The Intramural Research Program in cancer biology—other than tumor

iimnunology and clinical studies—is conducted in the Laboratories of

Biochemistry, Molecular Biology, Pathophysiology and Theoretical Biology.

The Extramural Program is principally grant supported with some contracts

in the Breast Cancer, Tumor Biology and the Immunobiology programs.

The Laboratory of Biochemistry, directed by Dr. Robert F. Goldberger,

is divided into six sections: Biochemistry of Gene Expression , Biosynthesis ,

Cellular Regulation , Developmental Biochemistry , Nucleic Acid Enzymology ,

and Protein Chemistry .

The control of gene expression in eukaryotic cells and its application

to clinical medicine was studied. The effects of steroid hormones on

enzyme induction and cell function in tissue culture were investigated

along with steroid receptors in cells from patients with leukemia and

breast cancer. Work on somatic cell hybrids between prolactin- and

growth-hormone-producing cells and non-producers has shown, for the first

time, that an estrogen-induced peptide (prolactin) is under negative

control, that this control is at the level of translatable mRNA and that

growth hormone is similarly controlled.

The relationship between cell function and organization at the molecular

level was of concern. Studies dealt with enzymatic aspects of DNA and

collagen biosynthesis and with the regulation and functional correlates of

endogenous retrovirus expression in normal and transformed cells. Studies

were done on an endogenous reducing substance in cultured cells that can

replace ascorbate as a cofactor for prolyl hydroxylase giving evidence

that the cofactor functions in the endoplasmic reticulum (microsomes) with

endogenous prolyl hydroxylase and newly synthesized procollagen. Several

mammalian proteins important for in vitro analysis of DNA replication have

now been purified and characterized. Studies have begun on the arrangement

and diversity of intracisternal A-particle genes in the DNA of Mus mus cuius .

The regulation of gene expression in eukaryotes at the molecular level

was studied, focusing on the mechanism by which estrogen induces the

synthesis of egg yolk phosphoprotein in rooster liver, with special emphasis

on the molecules involved in the interactions of hormone, hormone receptor,

RNA polymerase and chromatin that result in transcription of the phospho-

protein gene. One study demonstrated that the relative concentration of

serum albumin mRNA in the liver decreases by approximately 50% following

treatment with estrogen. Iii vitro systems to use in the study of mechanisms

by which estrogen influences specific gene expression have been developed.

The structure and transcription of the eukaryotic genome was investigated,

Studies were conducted on frog mitochondrial DNA, Drosophila ribosomal DNA,
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on the structure of the gene coding for frog yolk proteins, and the pattern
of gene expression in embryos.

The structure and metabolism of nucleic acids and nucleotides was

studied. Systems under investigation included the structure and origin
of host-substituted defective simian virus 40, the organization of the

monkey genome and the control of cyclic AMP level and function by Ca -

dependent regulatory protein. The primary nucleotide sequence of two

defective variants of SV40 that contain covalently linked monkey DNA

sequences have been determined.

The physical, chemical, and biochemical aspects of proteins and

subcellular particulates involved in the synthetic, control, and

differentiation systems of organisms was studied. Problems investigated

included transfer of isolated chromosomes to mammalian cells, granulocyte

development, fractionation of cells involved in cellular immune reactions,

and techniques for fractionation of proteins.

The Laboratory of Molecular Biology, under the direction of Dr. Ira

A. Pastan, is divided into three sections: Biochemical Genetics ,

Cell Organization , and Gene Regulation .

Viral gene products that initiate cell transformation have been

identified and how such products affect cyclic AMP, cellular fibronectin(cfn)

and collagen synthesis has been determined. The structure of cfn was

studied and a 40,000 dalton fragment that binds to collagen has been

isolated and other regions of the cfn molecule that interact with the

extracellular macromolecules have been identified. The proteins that are

altered in transformation and have a role in the movement, shape and

adhesion of cultured cells were identified and characterized. Molecules
that participate in the binding and internalization of serum factors that

control cell growth and behavior were characterized.

Studies were done on the regulation of gene activity with particular

emphasis on the identification of molecules that activate or inhibit genes

and the determination of the structure and function of the regulatory"

regions of genes. It has been shown that the natural polarity observed

when the gal operon is expressed in the absence of cyclic AMP is released

by a mutation in transcription termination factor Rho

.

The biochemistry and genetics of the recombination of the E_. coli

chromosome with the X chromosome was studied. Also studied was the

mechanism of synthesis of various bacteriophage DNAs by E^. coli enzymes.

It was demonstrated that, at low ionic strengths, both linear and super-

coiled DNA are substates for the lambda integration and excision

recombination reactions and, at high ionic strengths, supercoiling is

obligatory for both reactions. At intermediate concentrations supercoiling

is required for integrative but not excisive recombination.

How the thyroid cell forms, stores and releases its hormone were

investigated. The factors that control its growth, differentiation and
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tranformation into a malignant cell were elucidated.

Mammary tumor virus and other oncornaviruses were investigated. How
these viruses are synthesized and how they change normal cells into
cancer cells was studied. The DNA in intracytoplasmic A particles (CAP)

,

long associated with mammary cancer, has been shown to be of cellular and
not of viral origin^ and with no obvious role in mammary cancer.

The Laboratory of Pathophysiology, under the direction of Dr. Pietro
M. Gullino, focused its research on the pathophysiology of mammary gland and

to tumors; biochemical changes related to onset and cessation of lympho-
cyte proliferation; structure and function of biological membranes;
properties and biological significance of extranuclear DNA; pathophysiology
of cachexia in tumor-bearing host; and effects of ionizing radiation on
DNA, proteins and bone marrow cells.

The mechanisms of hormone-dependent mammary tumor regression were
studied with focus on the role of cyclic AMP during regression and its

antagonistic effect toward estrogen action. Other projects concerned
themselves with the role of collagen production and turnover in tumor
growth and metastasizing capability; conditions necessary to cultivate
and characterize mammary epithelium in vitro; the regulation of milk
protein synthesis and its mRNA in rat mammary gland; assessment of the
interaction between thyroid function and mammary tumor development;
defining the mode of action of prolactin on target organs; and the study
of angiogenesis as an indicator of neoplastic transformation.

Resting and PHA-stimulated human lymphocytes were utilized to study the
mechanism of protein synthesis. A second project in this area was mainly
concerned with the isolation of intact RNA from the cytoplasm of normal
peripheral blood lymphocytes.

One project relating to the structure and function of biological membranes
concerns the freeze-fracture morphology of the membranes in the endoplasmic
reticulum and Golgi apparatus of lactating mammary gland and 7,12-DMBA
mammary carcinomas. Other projects were concerned with the interaction
of Sendai virus with the human erythrocyte during cell fusion, evaluation
of the network of tight junctions connecting epithelial cells, investigation
of structural modification of the platelet plasma membrane during formation
and growth of the fibrin network and analysis of fusion between vesicles
and plasma membrane of P. palmivora zoospores.

In order to investigate properties and biological significance of

extranuclear DNA, rat liver was fractionated with minimal loss of DNA
from the nuclei. A method has been developed based on the use of

cetyl-trimethyl ammonium bromide and yielding cytoplasms with only 2-3%
of nuclear DNA. Microsomes from these cytoplasms were found to contain
9-10 times as much DNA as the mitochondria which also showed a DNA content
five times lower than reported in the literature. Other projects in this
area were concerned with the biological role of melanin granule DNA and
the regulatory events involved in the synthesis of serum albumin.
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The pathophysiology of cachexia in tumor bearing host was investigated.

This question was approached by studying the physiological and behavioral

control of food and water intake in tumor-bearing rats.

The effects of ionizing radiation on DNA, proteins and bone marrow cells

were studied. One project concerned ESR and spin-trapping studies of

deuterated alanines. A second project concerned the study of the radiation-

induced hydrogen transfer in v-irradiated crystalline amino acids and

eptides. It was found that for v-irradiated polycrystalline glycine a

deuterium transfer from the - ND. to the -CH group occurs.

The activities of the Laboratory of Theoretical Biology, directed by

Dr. Mones Berman, were in several broad areas: membrane biophysics,

immunology, macromolecular configurations, kinetics of metabolic systems,

computational methodology, and theory related to modeling. Most of the

work was theoretical, but experiments were also carried out in the

laboratory. Much of the theoretical work and modeling was done in

collaboration with experimental groups at NIH and elsewhere.

The work on membranes included several areas of interest: lipid bilayer

systems, vesicle-cell fusion, mechanisms of cell lysis, and diffusion of

cell surface receptors in membranes. This work included both experimental

and theoretical parts.

A novel approach was developed to obtain preferential delivery of

liposome-encapsulated drugs to particular local areas, for example, tumors

and sites of infection. Liposomes were designed to release drugs primarily

in areas heated a few degrees above physiological temperature. The approach

was tested in vivo on mouse Lewis lung tumors and L1210 tumors.

In the studies of mobility of molecules in membranes it was found that

surface immunoglobulins (sig) on lymphocytes have lateral diffusion

coefficients characteristic of those found for protein in cell membranes,

2 X lO'lOcm /sec, with fifty to ninety percent of the detectable sIg being

free to move. A relationship was found between immobilization of sIg with

anti-lg antibodies, and capping of sIg.

The development and application of mathematical techniques for describing

receptor clustering on the plasma membrane continued. The results were

incorporated into a theory of the response of sensitized basophils and most

cells which were proposed to explain, in terms of the physical chemistry of

cell surface events, the biochemical pathway selected by the cell. The

theory also provided an explanation for the wide range of qualitative

differences observed in dose response curves.

Modeling of endocrine systems has continued with emphasis on lipoproteins

and the glucose-insulin system. The lipoprotein model has been fully

resolved to include an extra stage of metabolism of low density lipoprotein

(LDL) to account for the delipidation of triglycerides (TG) and a slow

synthesis pathway of very low density lipoprotein (VLDL) . The study of

perturbations served to validate the model and to identify modes of action

of drugs.
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A major effort was made this year to extend the power of our conversa-
tional SAAM program. New capabilities have been added to make the system
more interactive and responsive to the user. This system is now operational
on the DEC PDPIO and UNIVAC 1108 computers.

IMMUNOLOGY

The Immunology Branch, under the direction of Dr. William Terry, carried
out laboratory investigations in basic immunobiology with particular
emphasis given to studies of regulation and control of immune responses,
structure and function of cell surfaces, transplantation biology and tumor
immunology. In addition, clinical studies of relevance to tumor immunology
are performed.

The mechanism of activation of antibody forming B cells are being studied.
Distinct B-cell populations respond to different antigens and the inability
of the CBA/N mouse to respond to certain antigens has been shown to be due
to the absence of a mature population of B cells.

Genetic control is also being studied in vivo, utilizing the complex
antigen^ staphylococcal nuclease. Antibody responses to this antigen are
under control of H-2-linked immune response genes. Antibodies against
idiotypic determinants on the anti-nuclease antibody have been produced in
rats and pigs and used to screen a variety of strains for the presence of

idiotype. Results of these studies indicate that idiotype expression is

linked to the heavy chain allotype marker, rather than to immune response
gene loci.

Strain dependent differences in the ability to respond against cells
modified with low concentrations of TNBS have been demonstrated. Responder
strains can be primed in vivo to give enhanced secondary in vitro cytotoxic
responses to TNP-self, but this priming was also responsible for suppressed
delayed hypersensitivity reactions.

Studies within this system have been extended to determining the ability
of human peripheral blood leukocytes to be stimulated in vitro against
TNP-modified autologous leukocytes. Proliferative and cytotoxic responses
were obtained and the results indicated that the T cells involved did not
recognize TNP exclusively but rather TNP in association with human-specific
self determinants. These results suggest that human T cells recognize a

variety of self determinants in association with TNP.

Conditions have been developed for in vitro stimulation of human
peripheral blood leukocyte effector cells cytoxic for influenza infected
target cells and for measurement of effector cell activity on virus infected
cryopreserved human peripheral blood leukocyte targets. The use of a

variety of influenza viruses has led to results suggesting human T cell
responses to influenza viruses may be type-specific and that they also
appear to be restricted to recognize self components. The cytotoxic
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responses appear to be controlled by HLA-linked genetic factors since
effector cells from certain donors recognize virus in association with
some, but not all, self HLA-A and B antigens. Similar studies with
measles virus have shown that two human donors can generate high levels of
specific cytotoxicity against autologous measles virus infected peripheral
blood leukocytes.

The phenomenon of in vitro auto-sensitization of murine cells has been
studied further and it was shown that effectors preferentially lysed H-2
matched targets. Specificity studies suggested that effector cells were
sensitized against components contained in fetal calf serum, but not in

horse serum. Enhanced responses were obtained when mice were preinjected
with irradiated syngeneic cells raising the possibility that the response
is dependent on natural killer cells. High and low responder strains have
been identified and high responsiveness shown to be a dominant characteris-
tic. It appears that the self-restricted immune responses are directed at
components present in some sera, or at antigens induced by those sera.

Functional and serologic characterization of cells important to the
immune response have continued. Stimulation of mixed lymphocyte responses
by spleen cells seems to depend upon an adherent la position cell that is

20 to 50 times more efficient as a stimulator than are unseparated spleen
cells.

Both cellular and humoral regulators of immune responses are under
investigation. Certain strains do not demonstrate suppressor activity
and the defect appears to be in the ability to generate suppressor cells
rather than in the susceptibility of target cells to suppression.

The binding of membrane H-2 alloantigens to T-cell surface receptors
is being studied by analyzing the binding of lymphocyte plasma membrane
vesicles to sensitized allogeneic spleen cells. Preliminary studies
indicate that specific binding occurs.

The nature of cell membrane damage caused by immunologic mechanisms is

under investigation. Damage caused by antibody plus complement is associated
with complete loss of membrane potential and electrical resistance as

determined by intracellular recording performed with microelectrodes.
These studies indicate that the lesions caused by complement plus antibody
are of such a size that they will allow materials of 40,000 molecular
weight to pass through the membrane but will not allow molecules of 80,000
molecular weight to do so. It thus appears that there is a discrete pore
created in the membrane after damage, with a pore diameter of 50A caused
by antibody plus complement and a pore diameter of 140A caused by antibody
dependent cytolysis.

A number of studies concerning the binding properties of Fc receptors
have been carried out. With human peripheral lymphocytes, it has been
shown that the Fc receptors of B lymphocytes and UL-cells differ in their
avidity for immunoglobulin complexes. In addition, the Fc receptors of UL-
cells do not appear to be associated with la-like antigens.
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The research program of the Laboratory of Iiranunobiology , directed by

Dr, Herbert J. Rapp, was aimed at the establishment of methods to kill

tumor cells in vitro, to eliminate tumors and metastases in vivo and to

overcome the possible suppression of host immunity by tumors.

Studies have continued with guinea pig model on the development of

procedures for active specific immunization against malignant disease

remaining after surgery. Successful immunization without outgrowth of

tumor cells was achieved by using X-irradiated tumor cells in the

immunizing mixture. Immuno therapeutic procedures are being designed to

deal with visceral metastasis that occur as a consequence of dernal

implantation of tumor. Natural and synthetic analogs of bacterial

components are being studied to find agents with maximal antitumor

effects and minimal toxicity in the intralesional immunotherapy of

mice and guinea pigs with experimental cancer. In studies on the

influence of M. bovis(BCG) on the development of tumor rejection in mice
against tranplants of chemically induced synegeic fibrosarcomas, a pair

of tumors was found in which mice immunized with one of these tumors

were capable of rejecting a challenge inoculiom of cells from the other

tumor. Studies are in progress to determine whether viruses known to

be present in these tumor lines may be responsible for the observed

cross-protection.

Additional studies on the response of nucleated cells to attack by

antibody and complement have strengthened the conclusion that lipid

synthesis but not DNA, RNA, protein or complex carbohydrate synthesis,

is the mechanism through which the cell's drug-induced susceptibility or

hormone-induced refractoriness to immune killing is modulated. The

synthesis of specific lipids and their incorporation into plasma membranes
have been found to be associated with the response of nucleated cells to

drug or hormone treatment. Studies with cell lines from different species

indicate that modulation of lipid synthesis can be used to vary the

susceptibility of tumor cells and perhaps other nucleated cells to killing

by antibody and complement. Studies are continuing on the events that

occur on cell surfaces that lead to antibody and complement mediated

cytolysis. Studies have continued on the development of a general

immunologic assay method using radiolabeled protein A (which reacts

specifically with IgG antibody) and on the molecular basis of the inter-

actions of Protein A with IgG and antigen.

Studies are continuing on mechanisms that may account for the accumula-

tion and activation of mononuclear cells such as macrophages at tumor sites,

for the killing tumor cells by activated macrophages and the production and

activation of lymphotoxin. An animal model has been developed to study the

tumor-associated chemotoxis abnormality. A serum requirement for chemotoxis
in vitro has been identified as albumin or a factor bound to albumin.
Studies with strains of mice that have genetically determined defects in

immunologic reactivity have led to the discovery that activation of

macrophages for tumor cytotoxicity occurs in a series of distinct steps.
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Efforts to develop a safe and effective vaccine for the immunologic
destruction of microscopic metastases remaining after surgery have continued.

Mycobacterial components and analogs were tested for antitumor activity
and toxicity. The major findings were: Cell walls (CW) of M. Bovis (BCG)

incorporated in mineral oil droplets in an aqueous emulsion stabilized by

the detergent Tween 80 were immunotherapeutically at least as active as

living BCG in prolonging survival of guinea pigs each with an established
dermal tumor, and microscopic lymph node and visceral metastasis established

by intravenous inoculation of tumor cells.

The conditions necessary for augmenting tumor rejection immunity with

living BCG were studied. Mice were immunized by intradermal injection of

tumor cells alone or admixed with living BCG; vaccination sites were excised

to prevent progressive tumor growth. Immunization with BCG alone did not

increase host resistance, immunization with tumor alone produced a measura-

ble increase in host resistance, and immunization with optimal quantities

of tumor and BCG was ten to forty times as effective as tumor alone.

Experiments were performed to determine whether passive transfer of

xenogeneic antitumor antibodies would prevent the outgrowth of a tumor

cell challenge. Results of these experiments suggested that host factors

other than complement, perhaps cells of the monocyte-macrophage family,

were required for the effectiveness of serum therapy.

125
A general immunoassay method was developed in which I labeled

Protein A, a cell wall component isolated from Staph, aureus, is used as

a general tracer for antibody, and indirectly for any antigen or hapten.

This is used for quantitative determination of tumor-associated products,

chemotherapeutic drugs, and related substances to understand their metabo-
lism, disposition, and mode of action. The study of the properties of

these substances in vivo, and, in vitro may allow the identification of

biologically active molecules and perhaps establish their significance in

oncogenesis or cancer treatment.

The research activities of the Laboratory of Immunodiagnosis , directed

by Dr. Ronald Herberman, were divided into four main areas: Role of natural
and induced effector and suppressor cells in resistance against cancer;

Cell-mediated immunity against tumor associated and other antigens;

Immunochemical studies of tumor associated antigens and of lymphokines;

and Application of immunologic procedures to clinical problems of cancer

patients. The main objective of all these studies was the application of

the research information to the diagnosis of cancer and the monitoring of

disease in tumor bearing individuals.

Studies on the role of interf eron(IF) and interferon inducers in

boosting NK activity have continued. It was found that augmentation of

NK activity in mice by inoculation of tumor cells, as well as by viruses

and other agents, was due to induction of IF.

A series of studies were done to examine the effects of anti-IF and of
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metabolic inhibitors on spontaneous mouse and human NK activity and on
boosting of NK activity in order to determine the relationship between
the mechanism of NK boosting by IF and the mechanism of induction by IF

of viral resistance, and to gain some insight into the similarities between
spontaneous and boosted NK activities. The spontaneous activity of mouse
NK cells was not affected by anti-IF or by inhibitors of DNA, RNA or protein
synthesis. In contrast, in vitro boosting of NK activity by IF was
completely inhibited by anti-IF and was also blocked by pretreatment with
RNA and protein synthesis inhibitors.

Studies were conducted on the characteristics of NK cells, and have
indicated that some mouse NK cells have Thy 1 antigens and that human
cytotoxic cells developing upon in vitro incubated have similar charac-
teristics as NK cells.

The possible role of NK cells in in vivo resistance to tumors was
investigated. NK cells appeared to play a major role in the rapid
in vivo clearance of tumor cells, and it seemed likely that NK cells are
a primary defense mechanism against metastasis and possibly also primary
tumor growth.

Studies were performed with several murine macrophage cell lines that
have many of the characteristics of normal macrophages in order to provide
better insight into some of the various states of macrophage activation
and/or differentiation and macrophage functions that were investigated.

Studies were continued on T cell-mediated immunity in mice inoculated
with MSV. A secondary cytotoxic response can be generated in MSV-immune
spleen cells when they are stimulated in vitro with tumor cells that
contain the appropriate antigens. In addition, it was found that when
Moloney murine leukemia virus (M-MuLV) was used to stimulate MSV-immune
spleen cells, high levels of cytotoxicity were generated.

Work was continued on the biochemical and immunochemical studies of

human lung tiimor-associated antigen (hLTAA) . This hLTAA has been purified
and physiochemically characterized from two tumors and has been shown to

be virtually identical.

In a study of patients presenting with a variety of signs and/or
symptoms which suggested malignancy of the gastrointestinal tract, the
levels of several tumor markers were evaluated for aid in making a diagnosis.
These studies indicated the potential value of simultaneous markers as an
aid in the diagnosis of certain types of malignancy, with elevations in
two or more markers being a more accurate indicator of malignant disease.

The research of the Laboratory of Cell Biology, directed by
Dr. Lloyd Law, was concentrated in several areas.

The purification of H-2 from RBL-5 leukemia cells using detergents has
been completed. Approximately 1 mg of material was obtained from 2.6 x 10
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ascites cells and the purification was 1500 fold. The H-2 antigen was
judged to be pure by SDS-PAGE, amino acid composition, amino terminal
sequence and reactivity with alloantiserum. Quantitation of both H-2
heavy chains and S„m was bound exclusively to H-2 on the cell surface
although approximately 40% of the total cellular 6 microglobulin was
present as an unassociated monomer. No evidence was obtained that 6„

microglobulin was bound to tumor antigens as reported for certain human
malignancies. An accurate estimate of the amount of H-2^ expresed on

a tumor cell was obtained (6 x 10^ molecules per cell)

.

The purification of p53, a tumor specific protein, in sufficient quanti-
ties to allow characterization of the protein and possible identification
of its function is currently in progress. Studies conducted with [ S]

methionine-labeled MethA cells showed that the bulk, of p53 resides not in

the membrane of the cell but in the cytosol (>90%) . A radioimmunoassay to

aid in the purification of p53 is presently being developed.

Studies were continued concerning characterizing the set of alien
specificities (H-2, 1, 5, 11, 23 and 25) representing the H-2K^ haplotype
on Parmiani's C-1 MCA-induced sarcoma. The membrane antigens of the
C-1 sarcoma were solubilized, separated and enriched starting from
purified membranes.

The purification of TSTA from RBL-5 cells was continued. In other
studies, traces of H-2, gp70 and p30 contaminating the TSTA containing
fractions obtained from gel filtration of RBL-5 membranes were shown
not to be responsible for the immunogenicity of these fractions.

Significant progress has been made in the area of work related to

mt-DNA. The concordant segregation of chloramphenicol resistance (CAP-r)

and a particular, marked mitochondrial DNA (mt-DNA) in cybrid combinations
of different mouse subspecies have been established. This work established
for the first time that the CAP-r phenotype depends on the presence of a

particular mt-DNA molecule and must, therefore, be encoded in that molecule.

The use of combinations between the cytoplasm of one sort of cell with
a whole cell of a distinct kind of cell were investigated. Such "cybrid"
combinations between cytoplasts from nontumorigenic cells and tumorigenic
cells and between cytoplasts of differentiated cells and nondif ferentiated
cells have been examined. The results to date confirm the same sort of

suppression of tumorigenicity in cybrids that was reported by Howell and
Sager (PNAS, May, 1978).

In order to study the structual localization of an allotypic determinant
of rabbit heavy chains, tryptic peptides have been isolated from the heavy
chains of two or three homozygous rabbits. The immunological properties of

these peptides were studied using radioimmunoassays that involved inhibition
of a reaction between 125i labeled anti-a3 antibodies and sepharose-bound
a3 IgG. The immunopeptides which we recovered inhibited at least 60% of

the maximal binding of purified, labeled 22 anti-a3 antibodies to a3 IgG.
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A current study concerns the number of integration sites for lAP
(intracisternal A particles) in the cell DNA. The data derived from these

particular cell lines suggest that there is an upper limit to the number of

lAP-specific sequences that can be incorporated into the cellular genome.

The clinical research program of the Metabolism Branch, directed by

Dr. Thomas Waldmann, was targeted toward two major goals. The first was

to define host factors that result in a high incidence of neoplasia. In

this area, a broad range of immunological investigations were carried

out in patients with malignancy, in patients with immune deficiency

diseases and a high incidence of neoplasia as well as in experimental

animal systems to determine the nature of immune processes that are of

importance in the surveillance against neoplastic cells and to define

the nature of defects in the immunological systems that result in an

increased incidence of neoplasia. The second major goal of the Branch

was to determine the physiological and biochemical effects that a tumor

produces on the metabolism of the host. Both patients with neoplastic

disease as well as those with nonneoplastic disorders that facilitate

the development of techniques for the study of cell membranes, homeostatic

mechanisms and metabolic derrangements of biochemical control mechanism

were investigated.

A major effort of the Metabolism Branch has been directed toward

defining the major events of cellular differentiation, cellular interaction

and cellular biosynthesis involved in the specific circulating immune

response. These studies have placed special emphasis on defining the

defects of regulatory T cell and macrophage interaction with B lymphocytes

and plasma cells that occur in patients with primary immunodeficiency

diseases associated with a high incidence of malignancy, and in patients

with malignancies of the T or B lymphocyte systems. To investigate these events,

a series of techniques have been developed including techniques to study

the terminal differentiation of B cells into immunoglobulin synthesizing

and secreting cells, techniques to assess helper T cell function, and to

detect both increased and decreased functional activities of suppressor

effector T cells and their precursors and activators.

Additional approaches have been developed to assess in vitro immuno-

globulin synthesis that involve new ways of assessing immunoglobulin

production and new polyclonal activator agents to stimulate the B cells.

In addition, a new approach to the investigation of B cell differentiation

has been developed which permits the precise quantitation of the numbers

of lymphoid cells secreting each class of immunoglobulin. Using these assay

procedures, patients have been identified who have disordered immunoglobulin

synthesis due to a variety of mechanisms including disorders of intrinsic

B cell activity, disorders of helper T cell function, disorders of the

network of interacting T cells involved in immune suppression as well as

disorders of monocyte function. A new X-linked disorder characterized by

hypogammoglobulinemia is due to an intrinsic B cell defect associated with

isolated growth hormone deficiency.
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Excessive suppressor T cell activity has been demonstrated in the

neonate and in association with a variety of immunodeficiency states

including infectious mononucleosis, one form of T cell leukemia, a subset
of patients with common variable hypogammaglobulinemia, thymoma and

hypogammaglobulinemia and some patients with selective IgA deficiency.

Studies on T cell leukemia with retained suppressor activity have been

continued in order to address one of the most critical issues concerning

the capacity of T cells to regulate human immunoglobulin synthesis, that

is whether suppressor cell activity is generated by a single population
of T cells acting alone or whether suppressor cell generation requires

interaction between different populations of T cells neither of which

has the capacity to affect suppression alone. It has been concluded that

an interaction between at least two different T cell subsets is required

for the generation of so-called suppressor-effector T cells in man.

The virus specificity of influenze immune CTL was investigated by

stimulating peripheral blood leukocytes with several type A influenza

viruses and a type B influenza virus. Results suggest that the fine

specificities common to one or the other major type of influenza viruses.

Studies of the autologous MHC determined cell surface products,

recognized in addition to virus antigens by influenza immune CTL,

demonstrated that the amount of lysis of autologous virus infected target

cells was routinely 64 fold or greater than the lysis of virus infected

target cells from nonrelated individuals who shared no HLA A, B, or C

antigens with the donor of the CTL.

In the area of cell-mediated cytotoxicity, non-antigen—specif ic host

defenses, mediated by monocytes, have been studied. It appears that mono-

cytes act as an important first line of defense in a non-immune host.

In related studies evidence has been developed in both human and murine

models that different simple sugars are capable of blocking antigen specific

proliferation in vitro . In a final series of studies, the effect of various

pharmacological agents on spontaneous monocyte mediated killings have been

examined. It was found that both X-irradiation and Cis platinum (a new
chemotherapeutic agent) markedly- enhanced killing.

Using a radioimmunoassay for a somatomedin-like polypeptide (MSA or

multiplication stimulating activity) , it was shown that the levels of MSA
are 20-50 fold higher in fetal rat serum than in maternal or adult rat serum.
The studies suggest that among the family of somatomedins, MSA may be a fetal
growth factor, whereas other somatomedins may play a role later in the life
of the rat.

One series of studies was directed toward an examination of the linkage

of pyrroline-t-carboxylate reductase to the hexose the pentose (HMP) pathway.

It has been concluded that PC reductase by converting PC to proline

generates stoichiometrically the NADP"^ necessary to augment HMP activity.
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These observations were further investigated in human erythrocytes because
the absence of the tricarboxylic acid cycle in erythrocytes provided in

experimental advantage. It was demonstrated that PC reductase is present
in erythrocytes, a finding previously unreported.

CLINICAL RESEARCH

The work of the Laboratory of Pathology and the Dermatology Branch is

discussed in this section. The Diagnosis Program, a collaborative,

extramural effort, will not be reported here. For information on the

clinical research of the Metabolism Branch, please refer to the preceding

section on immunology.

The Laboratory of Pathology, headed by Dr. Rabson after the retirement

of Dr. Louis Thomas, was responsible for the diagnostic services in

Pathological Anatomy for the Clinical Center of the NIH and has research
programs in various areas of experimental pathology.

The Surgical Pathology and Postmortem Section accessioned 6,676 surgical

specimens or biopsies and 156 autopsies during the past year. These

specimens involved the preparation of moer than 65,000 slides, including

more than 40,000 H and E stained sections, 7,500 special stains and 493

frozen sections.

The Cytopathology Section provided diagnostic services in cytology

(both exfoliative and fine needle aspiration) and medical genetics

.

The chromosomal analysis included conventional and special banding

technques for the examination of individual chromosome pairs. Approximately

4,000 cytology specimens were accessioned which represented over 8,000 smears

examined and reported. About 1/4 were cervical and vaginal specimens. The

remainder were other types of specimens including ascitic, pleural, gastric,

spinal fluids, bronchial specimens, sputum and fine needle aspirations.

The Hematopathology Section had major programs in diagnostic and

experimental studies on neoplastic and non-neoplastic lesions of the

lymphoreticular and hematopoietic systems. Studies were done on the

immunologic, histochemical , morphologic, and kinetic features of non-

Hodgkin's lymphomas of all subtypes, acute lymphoblastic leukemia, and

non-neoplastic lymphoroliferative disorders.

Some research activities have centered on the application of carbohydrate

biochemistry to diagnosis or increased understanding of various disorders.

In one study, a radioimmunoassay was used to identify oligosaccharides with

blood group activity in the urine of pregnant or lactating women. This

was the first demonstration of the utility of RLV for detection and

quantitation of urinary oligosaccharides.

A time-lapse photomicrographic study of contractions in the developing

mouse salivary gland has been completed. It has been shown that the onset

XXXI



of contractility of the gland coincides closely with the differentiation
of myoepithelium in the gland. The motion pictures are the first to

provide direct visual evidence of the contractile activities of myoepithelium.
They show that the myoepithelium over the entire gland contract synchronously,
much as in cardiac contraction. This suggests that the myoepithelium forms

a network incorporating a condition mechanism that results in effective
pumping of secretions from the gland.

A new method for evaluating nucleic acid homology among different

DNAs was developed. Essentially duplex structures with significant
mismatch are stabilized and detected at low temperature and low formamide
concentration. In combination with the Southern "blotting" technique
this approach can be used for performing a biochemical heteroduplex
analysis.

The Quantitative Cytology Section was responsible for the application
of flow microfluorometric analytic techniques to problems in diagnostic
pathology and cell biology. A study of the application of EMF techniques
to screening gynecologic cytology specimens for pre-malignant and malignant
lesions of the uterine cervix has been completed. EMF analysis of these
specimens using techniques developed in the section has demonstrated a

false negative error rate comparable to that achieved by manual cytology
screening.

In the past year the Pathological Technology Section processed more
than 23,000 pieces of animal tissue, cut and stained more than 23,000
H and E slides and prepared over 6,500 special stained slides. They also
prepared over 16,000 unstained for immunoperoxidase studies and other

special techniques.

The Dermatology Branch, headed by Dr. Stephen T. Katz, conducted both
clinical and basic research in the etiology, diagnosis and treatment of

inflammatory and malignant diseases involving the skin and the host's

response to these diseases. The Branch also served as Dermatology
Consultant to all other services of the Clinical Center and approximately

1,000 patients were seen in consultation last year.

Studies of a new class of drugs (synthetic retinoids) in the treatment
of skin cancer and diseases of keratinization has continued. Patients
with treatment-resistant disorders of keratinization were treated with
oral 13-cis retinoic acid, a synthetic stereo-isomer of retinoic acid.

Excellent responses were observed in patients with congenital ichthyosiform
erythroderma, lamellar ichthyosis, Darier's disease, pityriasis rubra

pilaris, and cystic acne. The profound beneficial effect of 13-cis

retinoic acid in the treatment of cutaneous keratinizing diseases suggests

that other keratinizing disorders of man, for instance, preneoplastic
squamous metaplasia of tracheo-bronchial and urinary bladder epithelia,

could be successfully treated with the synthetic retinoids. These patients.
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who have successfully responded to 13-cis retinoic acid, may also provide
useful information in the evaluation of newer and potentially more potent
and less toxic synthetic retinoids.

Studies of DNA Repair in Normal Human Cells and in Cells from Xeroderma
Pigmentosum (XP) Patients have continued. XP patients' sun-exposed skin
ages much more rapidly than normal humans' skin. Studies of the DNA
repair defects provided an understanding of the relationship of DNA repair
processes and these aging phenomena in XP . The studies of aging in XP

organs provided important knowledge as to how properly functioning DNA
repair processes prevent such aging in normal humans.

Post-UV colony forming ability (CFA) in irradiated XP fibroblasts from
each of the six genetic forms of XP have been studied. A striking
correlation between the degree of reduction in post-UV CFA and the

presence and severity of XP-associated neurological abnormalities has

been found. These results constitute the first strong evidence for a

relationship between the effective level of DNA repair and the severity
of a heredo-degenerative condition of the nervous system. These results
also confirm recent brief reports that cells from patients with Cockayne's
syndrome have decreased post-UV CFA. In addition, it was found that

Cockayne's syndrome patients have a normal pressure hydrocephalus which
is probably the cause of some of their neurological abnormalities.

Pemphigus, herpes gestationis, bullous pemphigoid and dermatitis
herpetiformis (DH) are blistering skin diseases all of which are associated
with so-called autoimmune phenomena. Serum and in_ vivo bound antibodies
in these diseases have been identified and characterized. It was demon-
strated that gluten withdrawal from the diet reverses the skin disease in

many patients. A subgroup of DH patients were identified whose disease is

pathophysiologically different than the bulk of patients by virtue of

genetic markers, gut lesions and IgA skin deposits.

A method has been developed (clonal priming) for defining specificity
and cross reactivity at the T cell level. The clonal priming reaction
offers an in vitro

, quantitative approach for systematic study of

relationships recognized as foreign by immune cells. Concepts of

tolerance and immunohomeostasis have been well developed. However,

progress has been hampered by lack of an experimental approach to directly
compare tissue, differentiation, tumour, microbial (including viral) and
other environmental antigens at the level of cellular immunity. With
clonal priming, it may now be possible to pinpoint agents implicated in a

variety of inflammatory and neoplastic diseases in which cellular innnune

discrimination plays a role.

Increasing evidence indicates that circulating antigen-antibody
complexes play a role in the pathogenesis of a variety of dermatologic,
rheumatologic, neoplastic and infectious disease states. The immune
complexes which exist in several diseases, i.e. systemic lupus erythema-
tosus, Sjogren's syndrome, mixed cryoglobulinemia, mixed connective tissue
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disease, acute and chronic schistosomiasis, and various types of cutaneous
and systemic vasculitis were identified and partially characterized
utilizing two highly sensitive radioimmunoassays for detecting immune
complexes, i.e. ^^Sx-ciq binding assay and the Raj i cell radioimmunoassay.
The antibody classes present in the immune complexes have been determined
and the physiochemical characteristics of these complexes have been
examined, as well as the reaction of these complexes with mediators of

inflammation such as the complement with mediators of inflammation such
as the complement system. A good correlation has been found between
absolute levels of circulating immune complexes and the extent and severity
of clinical disease.
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SUMMARY

Annual Report of the LABORATORY OF BIOCHEMISTRY, National Cancer Institute

October 1, 1978 through September 30, 1979

I. INTRODUCTION

This was an extremely good year for the Laboratory of Biochemistry.

Working at the forefront of several fields of central interest in biochem-

istry and molecular biology, our scientists have made important and numer-

ous contributions of great significance. We also had the exciting event

of one of our scientists (Dr. Maxine Singer) elected to membership in the

National Academy of Sciences, the first time ever that a scientist working

at the NCI has been so honored. Moral is at a high level.

The Laboratory of Biochemistry is divided into six Sections. The Bio-

chemistry of Gene Expression Section studies control of gene expression in

eukaryotic cells and its application to clinical medicine. The effects of

steroid hormones on enzyme induction and cell function in tissue culture are

investigated, along with steroid receptors in cells from patients with

leukemia and breast cancer. The Biosynthesis Section is concerned with the

relationship between cell function and organization at the molecular level.

Current studies deal with enzymatic aspects of DNA and collagen biosynthesis

and with the regulation and functional correlates of endogenous retrovirus
expression in normal and transformed cells. The Cellular Regulation Section

studies regulation of gene expression in eukaryotes at the molecular level.

The central problem under investigation is the mechanism by which estrogen

induces the synthesis of egg yolk phosphoprotein in rooster liver, with

special emphasis on the molecules involved in the interactions of hormone,

hormone receptor, RNA polymerase and chromatin that result in transcription
of the phosphoprotein gene. The Developmental Biochemistry Section is involv-

ed in studies on the structure and transcription of the eukaryotic genome.

Studies are conducted on frog mitochondrial DNA, Drosophila ribosomal DNA,

the structure of the gene coding for frog yolk proteins, and the pattern of

gene expression in embryos. The Nucleic Acid Enzymology Section is con-

cerned with the structure and metabolism of nucleic acids and nucleotides.
Systems under investigation include the structure and origin of host-

substituted defective simian virus 40, the organization of the monkey genome

and the control of cyclic AMP level and function by Ca -dependent regulatory

protein. The Protein Chemistry Section emphasizes the physical, chemical,

and biochemical aspects of proteins and subcellular particulates involved

in the synthetic, control, and differentiation systems of organisms. Problems
currently under study include transfer of isolated chromosomes to mammalian
cells, granulocyte development, fractionation of cells involved in cellular

immune reactions, and techniques for fractionation of proteins.

II. BIOCHEMISTRY OF GENE EXPRESSION SECTION (Dr. E.B. Thompson, Chief)

The research of this section during 1978-1979 spans a broad range of

interests, from studies on mechanisms of transcription and translation, to

work on steroid receptors in clinical situations. There have been active



and productive collaborations with other colleagues, both at NIH and at out-
side universities and research institutions,

A. The Cell Biology of Steroid Action

1) Several years' work on somatic cell hybrids between prolactin-
and growth-honnone-producing cells and non-producers has been compiled. This
work, is the first to show that an estrogen-induced peptide (prolactin) is

under negative control and that this control is at the level of translatable
mRNA. It also has confirmed and extended the finding that growth hormone is

similarly controlled. It has shown for the first time that prolactin induc-
tion by the hypothalamic tripeptide TRH is lost in hybrids due to loss of

the TRH receptor, (Thompson, Dannies, Buckler, Tashjian)

2) The human leukemic cell line CEM has been further used to deter-
mine the spontaneous rate of acquisition of resistance to lethal levels of
corticosteroids. This occurs at a "functionally haploid" rate, one similar
to the loss of a known haploid function, HGPRT. Some 60-odd clones of muta-
genized, steroid-resistant CEM cells also have been isolated and are being
characterized, (Harmon, Schmidt, Thompson)

3) Selectively steroid-resistant variants of HTC (rat hepatoma)
cells and wild-type HTC cells have been infected with mouse mammary tumor
virus (MTV), A report in the literature that MTV infection often coordi-
nately affects two other steroid-inducible functions in wild-type cells
could not be confirmed, MTV induction was not lost in the variants, but in
one of many virus-infected clones, inducibility of tyrosine aminotransferase
was regained. The possible functional relations between MTV and the enzjrae

are being studied. (Thompson, Granner, Hager, Taub , Gelehrter)

4) Receptorless L cells and HTC cells have been prepared, the for-
mer to use in cell hybrids for mapping the glucocorticoid receptor locus, the
latter for biochemical studies of various functions affected by glucocorti-
coids, (Thompson)

B, Biochemistry of Steroid Action

1) As noted above, there is negative control over prolactin induc-
tion by steroids in somatic cell hybrids. Using a wheat germ translation
systan, it was shown that these hybrids contain no translatable prolactin
mRNA. In a segregant hybrid clone making prolactin at high constitutive lev-
els, translatable mRNA levels are high also. To further study these events,
and other controls over the prolactin gene(s), cloned prolactin cDNA probes
are being prepared and identified by the "hybrid arrest of translation"
technique. (Buckler, Strobl, Thompson)

2) Potential covalent affinity ligands of two types for glucocor-
ticoid receptors have been prepared and partly tested. One such ligand has
been radiolabeled and appears to covalently attach to glucocorticoid recep-
tors, (Simons, Pons, Thompson)



With these ligands, and by conventional means, the abnormal receptors in
steroid-resistant CEM cells will be studied and normal human glucocorticoid
receptors purified for antibody production. (Harmon, Thompson)

3) A potent glucocorticoid with unusual structure has been shown to

be more active biologically than its receptor binding would indicate. This
compound looks promising for certain clinical uses. (Simons, Thompson)

4) A cell-free translation system has been developed for tyrosine
aminotransferase (TAT) mRNA and has been used to show that no TAT mRNA is in-
duced in the non-inducible HTC cell variants. (Olsen, Granner, Thompson)

5) A hydroxy-sterol-binding protein has been identified and charac-
terized in L cells and CEM cells. (Chen, Kandutsch, Thompson)

C. Molecular Studies of Transcription and Translation (Paterson,
Rosenberg, Roberts, Matthews)

1) The structural gene order has been correlated with the tran-
script pattern of the Adenovirus-2 genome. The early gene products, thought
to correlate with cell transformation, are being identified and characterized
from virally transformed cell lines.

2) Differentiated chick, muscle cells in tissue culture produce a

special "abundant" class of mRNAs. The proteins corresponding to this
class have been identified and are being purified so as to prepare antisera.
DNA cloning has been used to isolate the genes for these proteins. The
structure and organization of these genes are being studied.

3) The efficiency with which various mRNAs are translated depends
partly on their structure. This has been studied using well-defined pro-
karyotic mRNAs in a eukaryotic translation system. When the mRNA is "capped"
with 7 methyl G, as are eukaryotic mRNAs, it is recognized and translated
efficiently. Both eukaryotic and prokaryotic ribosomes bind to the same
sites on the prokaryotic mRNA. By deliberately modifying the mRNAs further
details of these structure-function relationships will be studied.

D. Steroid Receptors—Clinical Correlations

1) Receptors for four major classes of steroids have been charac-
terized in tumor tissue from several hundred patients with breast cancer.
The results show that if estrogen (ER) and progesterone (PR) receptors are
absent, certain patients are more likely to respond to chemotherapy than are
receptorpositive patients. The presence of ER correlates with the likelihood
of the other steroid receptors being present. The data support reports that
when PR as well as ER are present, the patient is more likely to respond to
endocrine therapy. Androgen and glucocorticoid receptors are not strong
prognosticators of endocrine response. (Lippman, Allegra, Simon, Thompson)

2) Data on glucocorticoid receptors in leukemias has been compiled
and is now being correlated with clinical information. Glutamine synthetase



induction is being tested as a measure of the functional ability of these
receptors, (Lippman, Schmidt, Thompson)

III. BIOSYNTHESIS SECTION (Dr. E.L. Kuff, Chief)

A. Regulation of Collagen Synthesis in Normal and Transformed Cells .

Dr. Peterkofsky and her associates have been studying an endogenous reducing
substance in cultured cells that can replace ascorbate as a cofactor for
prolyl hydroxylase. They now have evidence that the cofactor functions in

the endoplasmic reticulum (microsomes) with endogenous prolyl hydroxylase
and newly synthesized procollagen. The presence of this cofactor could ex-
plain the phenomenon of ascorbate-independent proline hydroxylation which
occurs in transformed BALB/c 3T3 fibroblasts and in stationary phase L-929
cells.

Transformed BALB 3T3 cells have also been examined with respect to their
collagen phenotype and content of microtubules. Cells transformed with Kir-
sten sarcoma virus show a greater proportion of type III collagen than do

control cells infected with helper leukemia virus alone. Since a temperature-
sensitive sarcoma virus was used for transformation in these experiments, it

may be possible to relate the shift in collagen phenotype more directly to

the transformation process and the function of the sarc gene product. In
contrast to previous reports, the microtubule content of transformed cells is

not decreased; in fact an increase in microtubules has been found in most
transformed cells.

B. DNA Synthesis in Mammalian Cells . Dr. Wilson's group has now puri-
fied and characterized several mammalian proteins important for i_n vitro an-
alysis of DNA replication. With an improved method of purification, mouse
myeloma was shown to contain two a-pol}niie rases, each with a similar type of

subunit structure (two each of 54,000 and 47,000 dalton subunits), but with
very little, if any, primary structure homology. One of the two a-polymer-
ases (designated a,) contains a high level of exonuclease activity which co-
fractionates with the enzyme on electrophoresis and gradient centrifugation.
The other (a2-polymerase) contains only a trace amount of exonuclease ac-
tivity. Mouse B-poljnnerase is a single 40,000 dalton polypeptide whose
tryptic peptide map reveals no relationship to either a-polj^erase. The
mouse 27,000 dalton helix-destabilizing protein (HDP) was purified to ho-
mogeneity and distinguished from other known DNA-binding proteins of the
mouse by tryptic peptide mapping. Three discrete fragments of HDP were
produced by controlled proteolysis; these fragments have been purified and
are being used in structure-function studies of HDP. Newly begun studies of

vaccinia-infected Hela cells have revealed an abundant virus-induced DNA
polymerase; this has been extensively purified. The enzyme has a native
molecular weight of 60,000 daltons, shows exonuclease activity, and re-
quires a primer polynucleotide. Dr. Wilson has also found an enzyme in the
infected-cell extracts that is capable of initiating the virus-induced DNA
poljnnerase. Evidence has been obtained that this enzyme can form polynu-
cleotides containing a mixture of ribo- and deoxyribonucleoside monophos-
sphates and that these polynucleotides can act as primers for the virus-
induced polymerase. This initiating enzyme appears to resemble the E. coli



"primase" , which initiates DNA synthesis by E_. coli DNA polymerase III with

single-strand DNA as template.

C. Virus-Host Genetic Relationships . Drs. Lueders and Kuff have begun

to study the arrangement and diversity of intracisternal A-particle genes in

the DNA of Mus musculus . Previously they had shown that these genes are re-

iterated 500 or more times per haploid mouse genome. Digestion of mouse DNA

with restriction endonucleases followed by gel elctrophoresis yields a char-

acteristic pattern of DNA fragments that hybridize with -''^P-labeled A-parti-

cle 35S RNA. There is no evidence for tandem arrangement of A-particle

genes; rather there appears to be great heterogeneity in the "non-viral"

flanking sequences, consistent with previous in situ hybridization results

that indicated a wide distribution of A-particle sequences among the mouse

chromosomes. Among the characteristic fragments are two with lengths of 5.3

and 4.3 kilobases. These fragments contain common sequences but a portion

of the 5.3 Kb piece is deleted in the smaller unit. Thus it is already clear

that alterative forms of A-particle genes must exist in the cellular genome.

The 5.3 and 4.3 Kb fragments have been cloned into plasmid pBR322 and detail-

ed restriction maps are being constructed.

In experiments with Dr. W.O. McBride, A-particle sequences have been

used as markers for transfer of mouse chromosomal material into heterologous

cells. Human HGPRTase genes were serially transferred first into mouse and

then into Chinese hamster cells via isolated metaphase chromosomes. The cel-

lular DNA of recipient CHO clones showed (in 5 of 6 isolates) the character-

istic restriction pattern of A-particle sequences, providing unequivocal

evidence for co-transfer of mouse sequences together with the human HGPRTase
gene.

Together with Drs. Ernest Winocour (Visiting Scientist, August 1977 to

July 1978) and Maxine Singer, an infectious center assay was developed to

permit early detection of recombinants between wild type SV40 DNA and unique

sequences in monkey DNA. This technique has yielded several new recombinants
containing the same unique monkey sequence previously found in other host-

substituted SV40 lines. The new variants have not appeared to possess a se-

lective replication advantage over other viral DNAs present in the stocks.

Accordingly, a new microwell partition-culture technique was developed to

give rapid amplification of the variants to the point where structural analy-

sis is feasible.

IV. CELLULAR REGULATION SECTION (Dr. Robert Goldberger, Chief)

The work of the Cellular Regulation Section has been carried out by sev-

eral independent groups tied together by a common interest in the structure
of the genome and regulation of its transcription. Most of the studies have
employed the chicken genome, focussing on its sequence organization and on

the family of genes that respond to estrogen. A few of the studies have em-

ployed yeast and prokaryotic organisms. To some degree, we have broadened
our interest from single genes to whole families of genes related by their

nucleotide sequences, by their responsiveness to hormone, or by the function-
al relatedness of the proteins they specify.



A. The Estrogen-Responsive Domain of the Rooster Liver . Dr. Roger

Deeley and his colleagues have developed a rapid procedure for the isolation,

by cDNA cloning, of DNA fragments derived from mRNA species whose concentra-

tion in the cell can be varied by the application of an appropriate stimulus.

The procedure has been used to clone DNA fragments derived from the two most

dramatically estrogen-inducible mRNA species found in rooster liver. Vitel-

logenin mRNA is one of these species while the other is a much smaller mRNA

825 nucleotides long, that specifies an as yet unidentified protein of 12,000

daltons. The kinetics of accumulation of the small estrogen inducible mRNA

and vitellogenin mRNA are very similar. Prior to administration of the hor-

mone both species are present in rooster liver at a level of less than one

molecule per cell. Both mRNA species accumulate and decay in concert. The

small estrogen inducible mRNA species has been purified to approximately 70%

homogeneity by chromatography on diazotized cellulose to which a cloned DNA
fragment had been attached.

B. Cloning of the Natural Vitellogenin Gene of Chicken . Another pro-

ject of Dr. Deeley' s group has been the isolation and cloning of chicken DNA
containing parts of the vitellogenin gene. Chicken DNA that had been digest-

ed with the restriction endonuclease, Eco RI, was fractionated and the frac-

tions were tested for their ability to hybridize with vitellogenin mRNA. One

restriction fragment, 6000 base pairs in length, hybridized most strongly and

was purified further. It was then ligated to the purified arms of a bacte-

riophage vector and packaged ±n vitro . The recombinant bacteriophage was

used to infect the E^. coli host DP-50 supF . Approximately one clone in every

thousand contained a fragment of chicken DNA that hybridized with P-labeled

vitellogenin mRNA. Studies are now under way to determine whether the cloned

6000 base pair fragment contains the 5' end of the vitellogenin gene.

C. Chicken Serum Albumin: Effect of Estrogen on Gene Expression
,

Purification of the mRNA, and Cloning of Genomic Fragments . Dr. Roger Deeley

and his colleagues have demonstrated that the relative concentration of serxim

albumin mRNA in the liver decreases by approximately 50% following treatment

with estrogen. This decrease, however, does not stem from reduced expression

of the albumin gene but results from dilution of albumin mRNA with other

stable and abundant mRNA species that increase markedly in concentration fol-

lowing the administration of hormone. Albumin mRNA has been purified from

rooster liver RNA to approximately 70% homogeneity by chromatography on di-

azotized cellulose to which a cloned albumin cDNA fragment had been attached.

A procedure is being developed for specifically labeling the 5' terminus of

any capped eukaryotic mRNA. It involves chemical removal of the cap struc-

ture followed by the reintroduction -^^P-labeled GMP using the enzjnne guanylyl

ransferase. RNA species labeled in this fashion will be used to select clon-

ed cloned genomic DNA fragments that contain the transcriptional initiation

sites of several genes that are expressed at high levels in chicken liver.

D. Sequence Organization of the Chicken Genome . The group headed by

Dr. Francine Eden has been using recombinant DNA technology to refine our

knowledge of the structural organization of the chicken genome to the point

where well-studied structural genes that are responsive to hormones can be

placed in context with respect to the structural organization of the genome

as a whole. The primary tools for studying DNA sequence organization in the



chicken are cloned DNA fragments containing repetitive sequence elements,
since these can be used to determine the structure of all of the many dif-
ferent sequences in the genome to which the cloned sequence is related. Dr.
Eden and her colleagues have found that, unlike the typical short repeated
sequences extensively interspersed with single copy DNA found in other animal
genomes, many repeated sequences in chicken DNA are several-fold longer.
They are not always flanked by single copy DNA, but are sometimes adjacent
to other repeated sequences. Long repeated sequences in some other animals
have often been shown to consist of tandem repetitions of a much shorter re-

peated element. None of the chicken repeated sequences studied so far fits
into this category.

Cloned restriction fragments containing repeated sequences were hybrid-
ized to total DNA digested with restriction enzymes. The expected pattern of

hybridization depends on the location of restriction sites relative to the

boundaries of the repeated sequence. If the cloned restriction fragment
covers only the central portion of a repeated sequence, hybridization to the

Southern blot is expected to involve many fragments of identical length com-
plementary to and the same length as the cloned fragment. This pattern has
not been observed. Instead, each cloned repetitive sequence studied hybrid-
izes to restriction fragments of several different lengths. In each case,
the additional restriction fragments of total DNA that hybridize to the
cloned repeated sequence are both longer and shorter than those expected from
the distance between restriction sites within the cloned fragment. Thus,
these experiments have revealed a much more complicated relationship between
different members of families of related DNA sequences than heretofore ap-
preciated. It is now important to establish whether the alternative arrange-
ments of repeated sequences arose slowly during the evolution of avian DNA,
or are occurring on a more contemporary level within the lifetimes of popula-
tions or individuals. We now understand that this work must be accomplished
before we can study the association of certain repeated sequences with well-
known structural genes, since the possibility remains that eukaryotic genomes
are undergoing rapid rearrangement on a scale sufficient to render such asso-
ciations unstable.

E. In vitro Synthesis of Vitellogenin Messenger RNA . Dr. Kathleen
Mullinix and her colleagues have developed ^ vitro systems to use in the
study of mechanisms by which estrogen influences specific gene expression.
These systems include iji vitro transcription in nuclei and chromatin from
livers of normal and estrogen-treated roosters. They have shown that the
in vitro transcription of the vitellogenin and albumin genes in nuclei and
chromatin mirrors the transcriptional patterns observed _in vivo . Whereas
there is very little or no transcription of the vitellogenin gene in nuclei
from the livers of normal roosters, vitellogenin RNA synthesis comprises 0.5%
of the total RNA synthesized ±n vitro by nuclei from livers of estrogen-
treated roosters. The transcription of the albumin gene, a gene whose ex-
pression is not affected by estrogen, is not stimulated in nuclei of estro-
gen-treated rooster liver, but, in fact, is slightly depressed. The syn-
thesis of vitellogenin and albumin RNA by chromatin, utilizing endogenous,
chromatin-associated RNA polymerase, is similar to what was found in iso-
lated nuclei.



F. RNA Pol3nnerase II . Dr. Mullinix and Associates have developed a

new procedure for isolating DNA-dependent RNA polymerase II from rooster

liver nuclei that involves treatment of nuclei with pancreatic DNase I to

partially solubilize chromatin. The enzyme thus obtained is completely de-

pendent on the addition of exogenous DNA for activity. They have developed

a technique for identifying RNA poljmierase II in nuclear lysates by binding

^H-a-amanitin to the poljnnerase and subsequently subjecting the proteins to

electtrophoresis in polyacrylamide gels under non-denaturing conditions. By

this method they have identified two ct-amanitin-binding proteins, tentatively

identified as two forms of RNA polymerase II.

Using a similar preparation of the enzjnne from BSC-I cells, they have

begun experiments to analyze the transcription of SV40 DNA-protein complexes

by relatively crude preparations of RNA polymerase isolated from cells in-

fected with SV40. They have found that under certain conditions asjomnetric

transcription of the SV40 DNA-protein complexes can be achieved, such that

the correct strand from the early and late regions of the virus are used by

the enzyme. Current studies are directed towards determining components

necessary for proper strand selection.

G. Organization and Expression of Genetic Information in Lower Eukary-

otes . Dr. Richard Kramer and his colleagues have used recombinant DNA tech-

nology to explore the structure and function of the yeast genome. Bacterio-

phage A carrying the region coding for the ribosomal RNAs of yeast has been

employed in a study of the expression of yeast genes in bacteria at the level

of RNA synthesis. Hybridization assays show that yeast rDNA is transcribed

in Escherichia coli, even in the absence of phage RNA sjmthesis. In addition,

the transcription occurs on only one strand of the DNA, the same strand from

which yeast rRNA is transcribed. Thus, the transcription of yeast rDNA in

E. coli is initiated in the yeast DNA and shows some specificity. However,

attanpts to detect unique yeast transcripts in E^, coli by preparative hybrid-

ization to cloned yeast rDNA followed by gel electrophoresis have been un-

successful. For this reason, electron microscopic mapping techniques were

used to localize the RNA made in _E. coli on the yeast rDNA. The mapping

data suggested that there are at least two specific sites of initiation of

transcription for the E. coli RNA polymerase on the yeast rDNA. The size

heterogeneity of the RNA seen on gels apparently arose from heterogeneity

in the 3' ends of the RNAs due to random degradation or transcription termi-

nation. In order to examine other yeast genes, a "library" of random frag-
ments of yeast DNA recombined into bacteriophage A was constructed. This

library was then screened with messenger RNA from yeast cells grown in media

with either high or low phosphate concentration. Several clones containing
sequences homologous only to RNA from the phosphate-deprived yeast were ob-

tained. These clones most likely contain the genes involved in expression of

phosphatases produced during growth in low-phosphate medium. They may repre-

sent the structural genes for the phosphatases as well as the genes for sev-

eral regulatory factors required for derepression.

H. Regulation of Expression of Bacterial Nitrogen Fixation Genes .

Dr. Edward Appelbaum and Dr. Kramer have mapped the genes that control nitro-

gen fixation in Klebsiella pneumoniae . This map of the nif genes on the

bacterial chromosome, constructed by restriction endonuclease analysis and



hybridization techniques, has enabled them to study the regulation of expres-

sion of the nif genes in Klebsiella and other bacterial species at the mo-

lecular level,

V. Developmental Biochemistry Section (Dr. I. B. Dawid, Chief)

A. Structure and Transcription of the Ribosomal Genes in Drosophila

melanogaster (Eric Long, Igor Dawid, and Martha Rebbert). Ribosomal genes

occur in two clusters of about 150 copies each in the genome of ^. melano-

gaster. Earlier studies in this and other laboratories have established that

these genes are arranged in tandem repeats in which transcribed regions are

followed by spacers which lead to the next transcribed region. About 60% of

all repeating units in Drosophila ribosomal DNA (rDNA) contain a segment of

DNA which interrupts the 28S RNA gene region and which does not code for

rRNA. This region has been named the ribosomal insertion. Insertions have

been found to occur in two distinct, nonhomologous sequence types, each

represented by several size classes. Type 1 insertions occur in about 50%

of all ribosomal repeats on the X chromosome but do not occur or are very

rare on the Y chromosome. Type 2 insertions are found in about 15% of all

repeats on either chromosomal location.

In the current year a primary effort has been a study of the question of

whether ribosomal repeats with type 1 insertions are transcribed. If such

genes were to produce rRNA the most probable mechanisms would be transcrip-

tion of the entire DNA region including the insertion followed by processing

of the RNA by splicing. If such a mechanism were to operate RNA transcripts

containing insertion sequences should be present in nuclear RNA. Such RNA
sequences were sought by hybridization of nuclear RNA with labeled DNA frag-

ments isolated from cloned ribosomal insertions. Some insertion transcripts

were found but their concentration is low and most of the molecules are too

small to be rRNA precursors. Considering the fact that thousands of rRNA
chains are being synthesized at any one time but only tens of RNA molecules

with insertion sequences occur one can conclude that transcription of inter-

rupted ribosomal genes followed by splicing cannot contribute significantly
to rRNA production in D. melanogaster . This conclusion has been reached for

embryos, ovaries, and whole larvae, pupae and adults. Expression of inter-

rupted ribosomal genes in some specialized cells cannot be excluded.

B. Sequence Organization in the Genome of Drosophila melanogaster (Igor

Dawid, Eric Long and Martha Rebbert, in collaboration with Marlene Lauth
and Peter Wellauer of the Swiss Institute for Experimental Cancer Research,

Lausanne, and Mary Lou Pardue, Mass. Inst. Technology). The approach to some

aspects of this broad subject starts from the observation that many ribosomal
genes in B. melanogaster are interrupted by insertions, as summarized above.

DNA sequences homologous to the more abundant kind of ribosomal insertion,

called type 1, have been found outside the ribosomal locus in the chromocen-
ter. The chromocenter is a region where all chromosomes are joined together
in Drosophila salivary glands. This region is heterochromatic and is known

to contain satellite sequences as well as other kinds of DNA. Insertion-like
sequences in the chromocenter are interspersed with other types of DNA re-
gions. To analyze the relations of these various sequences in more detail

10



several DNA fragments containing chromocentric insertion-like DNA were iso-

lated as recombinant clones. Several of these cloned DNAs contain insertion-

like sequences as well as different DNA called flanking sequences. The re-

gions homologous to the ribosomal insertion in these recombinant clones pro-

duce well-matched hybrids with the insertion but the restriction maps are

quite different. Therefore, these chromocentric regions are homologous to

but not identical with ribosomal insertions.

DNA segments next to chromocentric insertions, i.e., flanking sequences,

have been analyzed in various ways. These sequences are middle repetitive

DNA in that they are represented between 50 to 150 times in the Drosophila

genome. Preliminary data suggest that flanking sequences are widely dis-

persed on the chromosomes.

C. Structure and Expression of the Vitellogenin Genes in Xenopus laevis

(Walter Wahli, Igor Dawid, Martha Rebbert, in collaboration with Gerhart

Ryffel, Toni Wyler, Rolf Yaggi and Rudolf Weber of the Department of Zoology,

University of Bern, Switerland). Vitellogenin is synthesized in Xenopus li-

ver in response to estrogen and then transported to the ovary where it is

processed to the major yolk proteins. Vitellogenin mRNA had been isolated

previously from X, laevis liver and shown to be a molecule of 6300 nucleo-

tides. Recombinant DNA clones containing cDNA copies of vitellogenin mRNA
were prepared. A study of these DNAs showed that four related but distinct

sequences occur in the mRNA population. Individual animals contain and ex-

press all four distinct vitellogenin genes.

To study the genomic vitellogenin sequences a library of DNA fragments

from Xenopus was constructed, using the lambda vector Charon 4. The average

size of the inserted frog DNA is 16 kb, and 9-10 x 10^ separate recombinant

phages were obtained. This library should represent 99% of all Xenopus

sequences. Reassociation kinetic measurements have shown that the library

is about as complex as total DNA isolated from the frog.

By screening the library with cDNA clones several phages with vitello-
genin sequences have been isolated. Their characterization is in progress.

D. Gene Expression in Xenopus laevis (Mark Dworkin, Igor Dawid). This

project uses recombinant DNA technology as a tool to investigate the proper-

ties and developmental ontogeny of a randomly chosen set of genes that are

active in Xenopus development. RNA populations from two embryonic stages,

gastrula and a swimming tadpole stage, have been transcribed into DNA with

reverse transcriptase. cDNA molecules were attached to a plasmid vector and

the recombinant molecules were cloned in E^. coli . About 20,000 clones were

obtained containing cDNA inserts of 400 - 1600 nucleotide length. From this

library of transcribed sequences a group of 800 was picked for further ana-

lysis. These 800 clones were grown as colonies on filters and screened with

labeled RNA preparations from different developmental stages and different

cell compartments. Colonies containing sequences homologous to abundant RNA
molecules will be detected in this screen while colonies with rare RNA se-

quences will appear negative. To date, the recombinant DNA clones have been
screened with several embryonic stages and a number of clones containing
abundant and intermediate level RNAs have been identified. Some abundant
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RNAs occur at a similar level in all stages tested while others show consid-
erable variation in their concentration.

E. Organization of the Mitochondrial Genome of Xenopus laevis (Eva

Rastl, Igor Dawid). Previous work has shown that mitochondrial DNA (mtDNA)

in
J(.

laevis, as in other metazoan animals, has a length of 17 kilobase pairs

(kb) and codes for 2 mitochondrial rRNAs and a set of about 20 tRNAs. Vari-
ous types of evidence in several organisms indicate that mtDNA also codes for

about 10 polypeptides. A group of mitochondrial poly(A)-containing RNA mo-
lecules that very probably represent the mRNAs for these polypeptides has

been isolated from X. laevis ovaries and characterized with respect to size
and mapping position of their coding regions in mtDNA. Coding regions in

mtDNA were mapped by three methods: electron microscopy of R-loops, hybridi-
zation of labeled restriction fragments of mtDNA to gel-separated RNA that

had been transferred to activated paper, and protection of DNA segments from
digestion with single strand-specific nucleases by hybridization with RNA.
Ten major nonribosomal RNA molecules were mapped in this way; these mole-
cules, together with the rRNAs, represent about 80% of the coding capacity of

the mtDNA. These ten major RNAs were shown to be encoded by the heavy strand
of mtDNA. Nine of the ten RNAs are encoded by nonoverlapping regions of the

DNA and all ten RNAs, as well as the two rRNAs, are encoded by uninterrupted
segments of DNA.

A group of eight rare, large mitochondrial RNA molecules were detected
and mapped approximately. On the basis of their size, low concentration and
mapping positions it seems likely that these RNAs are precursors or process-
ing intermediates leading to the ten major mitochondrial RNA species.

VI. NUCLEIC ACID ENZYMOLOGY SECTION (Dr. M. F. Singer, Chief)

The Nucleic Acid Enzymiology Section is composed of two groups working
independently on quite different projects. Still, or perhaps because of the

diverging interests, a good deal of strength is gained through interaction.
This interaction is most productive in the area of techniques and methods,
where the different approaches complement and reinforce one another. One
group is headed by Dr. Claude Klee and has focussed its interests on a va-

riety of physiological reactions that are regulated by calcium ions. The
other group is headed by Dr. Maxine Singer, and has concerned itself with
the molecular biology of simian virus 40.

A. The Role of Calcium in Regulation . The unifying feature of these
studies is the interaction of various enzymes and other proteins with the
small protein called calmodulin (previously termed calcium-dependent regula-
tory protein ) . Calmodulin itself binds calcium ions and then mediates the
influence of calcium on a large number of important cellular processes. Ear-
lier work by Dr. Klee's group provided large quantities of highly purified
calmodulin. Binding of this protein to an inert support provides an excel-
lent tool for the purification of polypeptides that bind to the protein.
The earlier phase also provided a start to understanding the nature of the
binding of Ca to calmodulin. Initially, the system was studied by investi-
gating the effect of calmodulin on cyclic nucleotide phosphodiesterase of

brain. During the past year, the great importance of the earlier rigorous
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work was proven and Dr. Klee and her colleagues (Drs. Richman and Crouch and

Ms, Krinks) made progress in many directions. The first step in calmodulin-

mediated regulation by calcium, namely the binding of Ca to calmodulin it-

self, has been studied in more detail. The interaction was shown to be co-

operative: binding of the first two of the four possible calcium ions results

in major conformational changes in the polypeptide although the binding of

the second two calcium ions is required for activation of the protein. Dr.

Klee and her colleagues have now shown that calmodulin interacts with several

physiologically important polypeptides. The studies on regulation of cyclic

nucleotide phosphodiesterase by calmodulin continue to serve as a model for

studies on an increasing number of other proteins. These include the inhibi-

tory protein for cyclic nucleotide phosphodiesterase, myosin light chain ki-

nase from brain and smooth muscle, and membrane-associated actin-binding pro-

teins. Calmodulin forms equimolar complexes with these proteins. Further,

several of the calmodul in-binding proteins are regulated by cyclic AMP-de-

pendent phosphorylation. Thus, a tantalizing linkage between regxilation by

Ca and regulation by cyclic nucleotides has been discovered. The ubiqui-

tous calmodulin may provide an interdependent regulation of cyclic nucleotide

levels and multiple cell functions. The complex nature of the calmodvilin-

protein interactions has also been probed. Limited proteolysis of cyclic

nucleotide phosphodiesterase increases the catalytic activity of the enzyme

but decreases its ability to interact with calmodulin. Thus, two domains

within the protein exist. Dr. Klee speculates that the different polypep-

tides may share a common calmodulin-binding domain linked to differing cata-

l3rtic regions.

B. Molecular Biology of Simian Virus 40 . Simian virus 40 is used main-

ly as a tool to probe various aspects of DNA structure and metabolism. More

particularly the group is interested in mechanisms which lead to recombina-

tion between the viral genome and that of its permissive host, African green

monkey. This work has lead to an increasing level of activity concerned with

the structure of the monkey genome itself, with particular emphasis on highly

repeated DNA sequences. The work of this group also benefits greatly from

several productive collaborations.

The primary nucleotide sequence of two defective variants of SV40 that

contain covalently linked monkey DNA sequences have been determined by Drs.

McCutchan and Wakamiya. The structures around the joints between SV40 DNA

and monkey DNA in these variants indicate that mechanisms of recombination
do not depend on extensive homology between recombining segments. Thus, this

is a case of illegitimate recombination, a phenomenon well known in prokary-

otes and now being increasingly recognized in eukaryote systems. Studies

on the transcription of the defective variants (by Dr. Lee) in infected cells

indicate that they are transcribed even though they contain only very short

regions of the wild-type viral genome. Interestingly, these studies also de-
monstrate that highly repetitive monkey DNA, which is not normally transcrib-

ed in uninfected cells, can be transcribed when it is incorporated into the

viral genome. Thus, there is nothing inherent in the sequences themselves

that prohibits transcription. In collaboration with Drs. Kuff and Winocour

new approaches to the isolation of similar substituted defective viral va-

riants have been devised. One of these approaches allows, for the first
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time, detection and isolation of defective variants containing monkey se-
quences even when they occur in only a few out of 10 infected cells. Sev-
eral newly isolated variants appear to be quite similar in structure to one
of the two already studied in detail. Studies on the structure of the new
isolates (by Dr. Papamatheakis) is being facilitated by means of recombi-
nant DNA techniques. The aim of this work is to study the primary structures
of additional recombinant joints in order to obtain information on the me-
chanism of recombination. All of these studies have also provided evidence
suggesting that in recombination between the viral and host DNA certain host
sequences recombine more frequently than others. One of these sequences is

present in one of the well studied variants which thereby serves as a source
of highly purified probe. This probe is being used to characterize new re-
combinants and also (by Dr. McCutchan) to study the context of the sequence
in the monkey genome.

Dr. D. Singer showed that DNA sequences homologous to the highly repeat-
ed ct-component DNA of the African green monkey occur interspersed among less
highly reiterated monkey DNA sequences as well as in the long tandem arrays
that were previously characterized. In addition. Dr. D. Singer showed that
sequences homologous to a-component also exist in the highly repeated DNA of
baboon where the repeat length of the ct-component monomer is highly conserved
but the organization of the sequences differs markedly. The segments that
are highly homologous to o'-component alternate, in the baboon genome, with
another DNA segment of approximately the same length, that is related to but
distinctly different from ot -component in sequence. Homologous sequences also
exist, albeit in very low copy number, in the mouse genome. In order to

study the organization and structure of highly repeated sequences in more de-
tail Mr. Thayer and Dr. McCutchan have initiated studies on segments of
a -component cloned in an E^. coli system. Clones of monomeric and dimeric
a -component repeats have been prepared and characterized and their sequences
are being determined. In order to have a reliable and sensitive method for
screening colonies of E^. coli X1776 for foreign DNA fragments, a modification
of published procedures, using lysozyme and triton, was devised.

Work on the primary sequence of the two defective SV40 variants mention-
ed above was completed early in the year. The year has thus been mainly de-
voted to developing new materials for and approaches to the questions of in-
terest. This effort has been aided by the ability to analyze primary se-
quences by means of the computer program that had been developed by Dr. Gary
Queen.

VII, PROTEIN CHEMISTRY SECTION (Dr, E. A, Peterson, Chief)

A. Chromosome-Mediated Gene Transfer . Dr. McBride and his co-workers
have shown in previous work that only fragments of chromosomes are trans-
ferred to recipient cells when the latter are incubated with isolated mam-
malian metaphase chromosomes and that closely linked genes are cotransfer-
red. These genes can exist in stable and unstable states; stabilization
results from integration into the chromosomal DNA of recipient cells. These
investigators have now determined the size of the transferred fragments by
means of a labeled human X-chromosomal DNA probe. An evaluation of the
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reassociation of this probe with DNA isolated from three stable and three

unstable transferrant clones obtained after chromosome-mediated gene transfer
(CMGT) involving selection for a human X-chromosomal gene coding for hypoxan-

thine phosphoribosyltransferase (HPRT) indicated that the clones contained
donor DNA representing no more than 12% of the X-chromosome , or 0.7% of the

entire donor genome. The unstable transferrants contained 6 to 12%, the

stable ones less than 3%. This difference represented a larger fragment in

the former, rather than more copies.

A-Particles are retrovirus-like structures that are reiterated in the

mouse genome to an unusually high degree (about 1000 copies per haploid gen-
ome) and are distributed relatively randomly throughout the mouse genome.

Donor mouse chromosomes containing an integrated human HPRT gene were incu-

bated with Chinese hamster HPRT-def icient cells, and five independent col-

onies expressing the donor form of HPRT were isolated in selective medium.

In collaboration with Drs. K. Lueders and E. Kuff the cotransfer of A-
particle genes was detected in four of these transferrants by the reassocia-
tion kinetics of DNA from the transferrants with H-labeled A-particle cDNA

in solution as well as by Southern blots of restriction digests of the

transferrant DNA with purified P-labeled A-particle RNA. Most transfer-
rants contained 1 to 5 copies per haploid genome but one contained 15 to 20

copies. Analysis of the same transferrant clones after back-selection in

thioguanine for loss of the HPRT-selected marker revealed a decrease in the

content of A-particle genes, but they were not completely lost. The absence
of concordant segregation of all A-particle genes with HPRT suggests that

there was either incorporation of multiple donor chromosome fragments into

each transferrant or, more likely, that a single fragment of chromosome ini-

tially incorporated was further fragmented during subsequent propagation of

the cells.

The DNA-mediated gene transfer system (DMGT) recently reported by Axel

et al . has been investigated and conditions for optimal transfer efficiency
have been determined. The frequencies of DMGT and CMGT were similar and

both produced stable and unstable transferrants. A larger genetic fragment

was transferred by CMGT than by DMGT, as shown by the frequency of cotransfer
of the closely linked loci, galactokinase and thymidine kinase (1% in DMGT
and 25% in CMGT).

CMGT is most useful for regional gene mapping. In collaboration with
Dr. John Minna, it has been used sequentially with microcell hybridization
to map genes on a Chinese hamster chromosome. Preliminary analysis indi-

cates the association of phosphoglucomutase-2, adenylate kinase, enolase-1,
and 6-phosphogluconate dehydrogenase with a single hamster chromosome.

B. Cellular Immune Reactions . Continuing his studies on the isolation
and characterization of different types of antigen-reactive cells involved in

cellular immune reactions to alloantigens , Dr. Mage has used peanut lectin to

separate thjmiocytes from BALB/c and C57BL/6 mice into agglutinated (PNA~) and

nonagglutinated (PNA~) subpopulations. The PNA~ population was significantly
enriched for Lyt 1 2~ cells (50%) , compared with unfractionated thymocytes
(10%). This PNA~ fraction, responsible for 80 to 100% of recoverable CTL
precursor activity, also contained Lyt 12 cells. CTL precursor activity
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was completely abolished by anti-Lyt 2.2 but only partially abolished by

anti-CTL. Thus, in the thymus, an organ where lymphocytes undergo maturation
to immunocompetence, cells with a differentiated Lyt phenotype (Lyt 1 2 ),

as well as the Lyt 1 2"*" CTL precursors responsive to alloantigen ^n vitro ,

are found within the PNA~ subpopulation of thymocytes. Also within this sub-
population, two kinds of CTL precursors can be distinguished on the basis of

sensitivity to anti-CTL. These cell types may represent two different stages

of maturation or two different lineages of CTL precursors.

C. Granulocyte Development . In his investigation of the inflammatory

response in guinea pigs as a model for the regulation of granulocyte matur-
ation. Dr. Evans has shown previously that serum taken twelve hours after
injection of an inflammatory agent stimulates the synthesis of marker glyco-

proteins in the secondary granules of isolated bone marrow granulocytes. He

has now found that this activity exists in such serum in two forms that can

be separated by the use of a Blue Sepharose affinity column. These two

fractions also yielded significantly different dose-response curves. Fur-

ther purification of one of them was achieved by gel filtration chromatog-
raphy, which also indicated that the molecular size of the active substance
was greater than that of serum albumin. Initial studies indicate that 12-

hour inflammatory serum also stimulates the mitotic activity of normal bone
marrow myelocytes in 24-hour cell cultures approximately 4-fold, relative to

normal serum.

The transplantable granulocytic leukemia in strain 13 guinea pigs that

was developed by Drs. Evans and Hsu is now in its 43rd transplant genera-
tion, with no apparent alterations in its properties. Large masses of leu-
kemic nodules that appear in the omentum early in the disease provide a

rich source of relatively pure leukemic granulocytes, now that a procedure
has been found for releasing the cells undamaged.

D. Displacement Chromatography of Proteins . To obtain information for

the design of experiments utilizing different adsorbents in the displacement
chromatography of proteins, Drs. Peterson and Torres measured the capacities
of the five major types of hydrophilic anion exchangers for adsorbing car-
boxymethyldextrans (CM-D). All showed an inverse relationship between the

mass of the CM-D bound and its carboxyl group content. However, the capac-
ities of a given volume of the five adsorbents for a given CM-D differed over
a 5-fold range. Similar measurements with two model proteins showed that
these adsorbents differed over a 3-fold range in their capacities for adsorb-
ing proteins under the same conditions. When these data were used to adjust
experimental conditions in a series of chromatographic separations of serum
proteins, similar (but not identical) results were obtained with all the
adsorbents.

The saturation of DEAE-Sephadex A50 by CM-D caused an extensive shrink-
age of the adsorbent bed that was proportional to the carboxyl group content
of the CM-D. A simple assay based on this phenomenon is now being applied
to the characterization of CM-D, particularly that which accompanies pro-
teins of interest in the effluent fractions of displacement chroma tog rams

.

By identifying the affinity of such CM-D, one can focus separations in a suc-
ceeding experiment on a narrow affinity range bracketing that of the protein
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of interest. A simple, routine means of separating the protein in an efflu-

ent fraction from the accompanying CM-D has been developed.
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The main thrust of this work is to develop biochemical methods for the early
diagnosis of granulocytic leukemia and methods for inducing leukemic cells to
develop some or all of their functional properties as a means of partially or
completely restoring host defense mechanisms in leukemia patients. Work is

first aimed at identifying the main molecular constituents and metabolic pro-
cesses that distinguish normal mature granulocytes from their immature
precursors and establishing which of the many steps involved in granulocyte
maturation are regulated by factors present in body fluids and/or by cell-
mediated factors. The results will be compared with those obtained from
similar studies on leukemic cells at corresponding stages of maturity in order
to determine the nature and potential reversibility of the arrested maturation
steps. Biochemical analyses of molecular constituents are carried out on
mature and immature granulocytes isolated from blood and bone marrow by

velocity sedimentation and density centrifugation procedures developed in this
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(Summary cont'd)
laboratory. The effects of external cell regulators on granulocyte produc-

tion and differentiation , as measured by changes in the synthesis of

specific cellular components, are studied in a chemically defined culture

system previously developed in this laboratory.

Methods Employed :

Leukocytes are isolated from bone marrow, blood and inflammatory exu-

dates by a variety of methods. Subcellular fractions are prepared by

differential centrifugation. Proteins extracted from leukocytes and serum

proteins are fractionated by column chromatography and gel electrophoresis.

Glycolipids are separated by thin layer chromatography and analyzed by gas-

liquid chromatography and mass spectrometry. Immunological reagents,

including fluorescent antibodies, are prepared against granulocyte proteins

and used to follow their formation during granulocyte maturation. Stationary

tissue culture methods are employed to study the synthesis of specific pro-

teins from radioactive precursors. The distribution of radioactive proteins

in electrophoretic gels is determined by slicing the gels in a gel fraction-

ator and counting the slices in a liquid scintillation counter. Densitometric

patterns of gels stained for glycoproteins are obtained by scanning the gels

in a spectrophotometer equipped with a gel scanner accessory.

Major Findings :

A. Detection and Purification of Regulators of Granulocyte Production
in the Bone Marrow

We have shown previously that 12-hour inflammatory serum stimulates the

synthesis of marker glycoproteins in the secondary granules of bone marrow
granulocytes. Present work is aimed at purifying the factors in inflammatory
serum responsible for this activity. Our studies suggest that inflammatory

serum contains at least two factors, hereafter referred to as GPA-1 and

GPA-2, which promote glycoprotein synthesis in bone marrow granulocytes.
GPA-1 does not bind to blue sepharose affinity columns while GPA-2 does bind
but can be eluted from such columns with 1.5 M NaCl . Preliminary dose re-
sponse studies indicate that these two partially purified factors also differ
with respect to their interaction with their target cells. Further substan-
tial purification of GPA-1 has been achieved using gel filtration chroma-
tography. Estimates of molecular size using the latter method suggest that
GPA-1 has a molecular size greater than serum albumin (MW 68,000).

Since GPA-1 and GPA-2 increase in serum prior to the large increase in

mitotic activity of bone marrow granulocytes during the inflammatory reaction
in vivo, it is conceivable that these factors might also stimulate mitoses in
bone marrow myelocytes . At present we are attempting to develop a reproduc-
able in vitro assay for the mitotic activity of bone marrow myelocytes. Our
initial studies indicate that 12-hour inflammatory serum stimulates the
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mitotic activity of normal bone marrow myelocytes in 24-hour cell cultures,

approximately 4-fold relative to normal serum.

B

.

Extraction and Purification of Granulocyte-Specif ic Glycoproteins

Work continues on the extraction and purification of specific glycopro-

teins from the cytoplasmic granules of granulocytic leukocytes. These

proteins will be used as markers in specific immunochemical assays for regu-

lators of granulocyte production in normal, inflammatory, and leukemic bone

marrow. One of these proteins has been identified as the iron-binding pro-

tein lactoferrin. The tendency of this glycoprotein to associate with other

proteins at low salt concentration make it difficult to fractionate granule

proteins by ion-exchange chromatography. This problem was overcome using

copper chelate chromatography at high salt concentration. By this method

lactoferrin was well separated from other granule proteins, several of which

were purified to apparent homogeneity in this single step. All of the major
glycoproteins except lactoferrin remain in the residue after extraction

of granules with 0.2 M acetate buffer ( pH 4.0). These unextracted glyco-

proteins are probably more suitable markers than lactoferrin in our assay

for granulocyte regulators since the stimulatory effect of inflammatory
serum on l^C-glucosamine incorporation into granule glycoproteins can be

accounted for mainly by these residual proteins. Lactoferrin appears to

be unlabeled in vitro by this glycoprotein precursor. The possibility that

the radioactive label is removed by oxidation during copper chelate chroma-
tography remains to be explored, however.

C. Effects of Granulocyte Regulators on Leukemic Granulocytes

Studies are in progress to determine whether leukemic granulocytes re-

spond to normal granulocyte regulators. Our studies indicate that leukemic

cells from guinea pigs contain the normal glycoprotein components but are

abnormal with respect to the rate of synthesis of these glycoproteins.

Significance to Cancer Research (Objective 2, Approach 3)

Understanding of normal and leukemic granulocyte maturation depends

upon clarification of the molecular processes whereby the cell controls

the appearance and disappearance of specific components. Such information
has never been obtained at the biochemical level in a systematic fashion
similar to that achieved in morphological studies of normal and leukemic

granulocytes. Any biochemical differences in the maturation processes
observed between normal and leukemic leukocytes will be exploited for pur-
poses of developing techniques, presently unavailable, for the early
diagnosis of leukemia and for improved treatment, especially with regard to

the possibility of reversing the arrested maturation and decreased phago-
cytic activity of leukocytes from myelogenous leukemia.
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Proposed Course of Research

The rate of production of granulocytic leukocytes in the bone marrow
is regulated by a feedback control mechanism which responds to the rate

of destruction of these cells in the peripheral tissues of the body. Feed-

back information could be of a positive (stimulator) or negative (inhibitor)

type transmitted by humoral and/or cellular factors, but at present the

nature of these factors is unknown. We are using the response of guinea
pig bone marrow granulocyte precursors to inflammatory stimuli as a model
for studying the nature of the feedback factors involved in the regulation
of granulocyte production. The humoral hypothesis for regulation will be

examined by studying the effect of sera from normal and inflammatory
guinea pigs on the synthesis of granule-specific granulocyte precursor pro-
teins by intact cells in vitro . This approach is analogous to the use of
hemoglobin as a marker for erythrocyte production in assays for erythro-
poietin^ Unlike erythrocytes, which contain only one major specific protein,

granulocytes contain many potential marker proteins in their granules and it

is conceivable that humoral regulators might affect the synthesis of some
granule proteins more than others. Our research plans are as follows:

(1) To further increase the specificity of our biochemical assay for

granulocyte regulators by isolating and purifying the secondary
granule glycoproteins so that antisera against these proteins can
be prepared for use in specific radioimmune assays for these
markers

;

(2) To isolate, purify and test in vivo the regulatory factors already
detected in normal and inflammatory guinea pig serum;

(3) Apply the information obtained with guinea pigs to studies of the
regulation of granulocyte production in humans;

(4) To search for defects in the granulocyte regulatory system in
guinea pig and human leukemias .

Publications

Evans, W. H., Grieshaber, C. K. , Miller, W. C, Wilson, S. M. , and Hoffman,
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Maturity and Early Changes Following an Inflammatory Stimulus. Blood 51:
1021-1029, 1978.

Torres, A. R. , Peterson, E. A., Evans, W. H. , Mage M. G., and Wilson, S. M.
Fractionation of Granule Proteins of Granulocytes by Copper Chelate Chroma-
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Appendix - NIH Contract No. 1-60-25423

Funding ; General NCI Contract for FCRC - No individual project funding
breakdown available.

Man Years Purchased: 1

Collaborating Contract Scientist: Dr. C. K. Hsu
Frederick Cancer Research Center
Frederick, Maryland

Major Findings

The transplantable granulocytic leukemia in strain 13 guinea pigs devel-
oped under this contract is now in its 43rd transplant generation with no
apparent alterations in its original biological properties. The tumor has
been successfully stored in the frozen state for up to 2 months without loss
of biological activity.

A readily available source of large numbers of viable leukemic cells
would greatly facilitate our studies of the regulation of leukemic cell pro-
liferation and maturation. Although high WBC counts are frequently seen in

the leukemic guinea pigs, this source of leukemic cells is not always reli-
able owing to the difficulties in obtaining sufficient amounts of guinea pig
blood and large losses of WBC's during removal of RBC's from these prepara-
tions. The bone marrow is also an unreliable and limited source of leukemic
cells since infiltration of the marrow by leukemic cells is followed rapidly
by a hypoplastic state. We have observed that after transplantation of
leukemic cells into normal guinea pigs large masses of leukemic nodules
develop in the omentum. These nodules develop early in the disease and
should provide a rich source of relatively pure populations of leukemic gran-

ulocytes. We have attempted to prepare leukemic cell suspensions from these
nodules using standard techniques of disrupting the tumor and releasing the
leukemic cells by pressing the tissue mass through a stainless steel sieve.
This method has been unsatisfactory for our studies since large numbers of
cells are damaged by this process. We have overcome this problem by devel-
oping a much gentler procedure for releasing leukemic cells from the omentum
nodules. This method yields relatively homogeneous populations of leukemic
granulocytes with a viability of 90% or greater and in sufficient numbers
for our biochemical and biological studies.
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We are studying murine intracisternal Type-A particles as a model for the

expression of integrated reiterated viral genes. Using blot-hybridization
techniques, we have identified a characteristic set of A-particle-related
DNA fragments generated when mouse genomic DNA is digested with restriction
enzymes and fractionated by electrophoresis in agarose gels. Several major
restriction fragments have been cloned by insertion into plasmid pBR322 and
transfection of E. coli X1776. A-particle genes are not arranged in regular
tandem arrays in the mouse DNA and appear to be heterogeneous with regard to

both their internal structure and their flanking sequences.

A structural relationship between intracisternal A-particles and an

extracellular retrovirus (M432) of Mus cervicolor has been confirmed by
immunological analysis of the particle proteins.
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Project Description:

Objectives : To study the mechanisms for coordinately regulating the synthesis
of individual macromolecules and their assembly into complex intracellular
components (organelles and viruses); specifically, to study the regulation of
endogenous viral gene expression in relationship to normal development and
neoplastic transformation.

Methods Employed : Tissue culture; isolation of subcellular organelles and
viruses; labeling of nucleic acids and proteins in vivo and in cell-free sys-
tems; isolation and fractionation of nucleic acids using techniques of affin-
ity chromatography, density gradient centrifugation and gel electrophoresis;
estimation of genetic complexity and gene copy number by quantitative nucleic
acid hybridization; chromosomal localization of specific DNA sequences by in

situ hybridization; chromatographic, immunochemical and electrophoretic
analysis of specific proteins; recombination and cloning of specific DNA
sequences in bacterial plasmids and animal viruses.

Results : We have continued our structural and genetic analysis of intra-
cisternal A-particles,

1. Relationship between A-particles and known retroviruses.

a. The relationship between intracisternal A-particles and an extra-
cellular retrovirus (M432) of the Asian mouse Mus cervicolor, first noted
in studies of nucleic acid sequence homology (see previous Annual Report),
has been confirmed by immunological analysis of virion proteins. In studies
with Dr. R. Callahan, NCI, antisera directed against the major structural
proteins of the two types of particles were cross-reactive. In particular,
antiserum against the major A-particle protein, p73, reacted very strongly
with the main M432 virion protein, p24. However, it failed to react with M432
protein pl6, which is presumable derived from the same precursor polypeptide
as p24, or with the M432 glycoproteins which are coded for by the 3' region
of the viral genome. Both nucleic acid homology and immunological data are
consistent with the concept that information for the A-particle structural
protein has contributed to the M432 virus through a recombinational event
involving the 5' regions of their respective genomes.

b. An extensive search has failed to reveal any sequence homology
between intracisternal A-particles and a variety of endogenous and exogenous
retroviruses of Mus musculus . The genetic individuality of the A-particle
genome in this species, suggested by less systematic studies, has thus been
confirmed

.

2. The structure of the integrated A-particle genome . We have previously
shown that A-particle genes are reiterated in the DNA of Mus musculus to the

extent of 500 or more copies per haploid genome. We have begun to study the
arrangement of these genes in the mouse DNA and the degree of diversity
between the individual copies.
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a. Mouse DNA has been digested with various restriction enzymes, frac-
tionated by electrophoresis in agarose gels, and analyzed by blot-hybridiza-
tion for restriction fragments that react with 32p_iabelled A-particle RNA.
A characteristic pattern of restriction fragments has been obtained. We have
found no evidence yet for regular tandem arrangements of A-particle genes.
There appears to be considerable heterogeneity in the "non-viral" flanking
sequences, consistent with our original impression from in situ hybridization
that A-particle genes were widely distributed among the mouse chromosomes.

b. Among the characteristic A-particle fragments generated by cleavage
of the mouse genome are two Eco Rl-Hind III fragments about 5.3 and 4.3 Kb
in length. These fragments contain common sequences, but a portion of the
5.3 Kb piece is deleted in the smaller unit. Therefore, it is already clear
that alternative forms of "A-particle genes" must exist in the cellular
genome; the full extent of this heterogeneity remains to be determined.

c. The 5.3 and 4.3 Kb fragments have been cloned by insertion in plasmid
pBR322 and transfection into E_. coli X^776. Detailed restriction maps of
these inserts are being constructed; thus far, the structures of the cloned
fragments are fully consistent with the maps determined directly by cleavage
of the mouse genome.

3. A-particle genes as markers for mouse chromosome transfer into hetero -

logous cells (collaboration with Dr. O.W. McBride) . Human HGPRT'ase genes
have been serially transferred first into mouse and then Chinese hamster
cells via the use of isolated chromosomes. We have examined the cellular
DNAs of recipient CHO lines for evidence of A-particle sequences. The
characteristic restriction pattern of A-particle sequences was observed in

5 of 6 independent isolates, providing unequivocal evidence for co-transfer
of mouse sequences together the human HGPRT'ase gene. This study is more
fully described in Dr. McBride 's Annual Report (ZOl CB 5202-12 LB).

Proposed Course of Research : We will attempt to define the A-particle genome
more precisely, to ascertain what other protein products it may specify, to

determine the arrangement of the reiterated A-particle genetic elements in
the DNA of M. musculus, and to study the factors which regulate expression of
these elements

.

Publications :

Kuff, E.L., Lueders, K.K., and Scolnick, E.M. : Nucleotide sequence relation-
ship between intracisternal type A-particles of Mus musculus and endogenous
retrovirus (M432) of Mus cervicolor . J. Virol . 28: 66-74, 1978.

Lueders, K.K., and Kuff, E.L.: Genetic individuality of intracisternal A-
particles of Mus musculus. J. Virol. 30: 225-231, 1979.
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Methods for the fractionation and analysis of proteins are developed and
applied to the purification of specific proteins for the study of their
function and structure. Displacement chromatography is being developed
for the fractionation of macromolecules and particles of biological inter-
est, employing polyanions and polycations differing in molecular size and
charge density as displacers .
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Project Description

Objectives

To develop methods for the separation and analysis of proteins that

will overcome present limitations and to apply these methods to the purifi-

cation of specific proteins for the study of their functions.

Methods Employed

Capacities were measured by frontal analysis. Protein fractions sepa-

rated by ion-exchange displacement chromatography were evaluated by gel

electrophoresis

.

Major Findings

In order to provide information for the rational design of experiments
utilizing different adsorbents in the ion-exchange displacement chromatog-

raphy of proteins, the capacities of the five major types of hydrophilic
anion exchangers for adsorbing carboxymethyldextrans (CM-D) of different
carboxyl group contents were determined by frontal analysis. All of these

adsorbents (the diethylaminoethyl derivatives of fibrous, microgranular , and

beaded cellulose and those of Sephadex and agarose) demonstrated much higher
capacities for low-affinity than for high-affinity CM-D, in accord with the

results of our earlier limited study with fibrous DEAE-cellulose . However,

the capacities of a given bed volume of the five adsorbents for a given
CM-D differed over a 5-fold range. Similar experiments with two model
proteins showed that the adsorbents differed over a 3-fold range in their
capacities for adsorbing these proteins under the same conditions.

These data were then used to adjust experimental conditions to the cap-

acity of each adsorbent in a series of chromatographic experiments that

employed a given set of CM-D preparations for the separation of human serum
proteins. With such adjustment, similar (though not identical) results were
obtained with all the adsorbents; without adjustment, some of the separations
were distinctly inferior.

The effectiveness of displacement chromatography in the fractionation
of mouse liver cytoplasmic proteins has also been demonstrated.

In some cases, it may be necessary to remove the CM-D that emerges from

the column with the protein of interest before the latter can be assayed or

used in biological experiments. When selected fractions representing the

full range of one of the serum chromatograms described above were adjusted
to pH 5 and passed directly through a micro column of CM-cellulose at the

same pH, the protein was immobilized on the adsorbent in every case and the

CM-D passed unadsorbed through the column. The proteins were then eluted in

concentrated form with 0.2 M sodium phosphate, pH 7.7.
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Our inability to identify readily the affinity of the CM-D in fractions

obtained in a broad-range displacement chromatogram has hindered our exploi-

tation of some of the advantages of displacement chromatography. Even after

the isolation of the CM-D from its accompanying protein by the process de-

scribed above, its accurate characterization was too time-consuming to serve

routinely as a basis for selecting the appropriate CM-D preparation for

focusing the separation in a succeeding experiment on a narrow affinity range

bracketing that of the protein of interest. However, in the course of the

above-mentioned capacity studies it was observed that the saturation of DEAE-

Sephadex A-50 by CM-D resulted in an extensive shrinkage of the adsorbent bed

that was proportional to the carboxyl group content of the CM-D and, hence,

to its affinity. This linear relationship, which presumably reflects the

molecular volume of the adsorbed CM-D, was demonstrated with surprising

precision over a wide range, from the lowest level used in our chromato-
graphic experiments to a high value (corresponding to about one carboxyl
group for every 1.5 glucose residues in the dextran) that caused shrinkage

to 30% of the original volume. Beyond this there was no further change.

When standardization of this simple and unusual assay has been completed, we

expect to be able to characterize the CM-D in a chromatographic fraction

containing the protein of interest by measuring the shrinkage of the bed in

a microcolumn of DEAE-Sephadex A-50 attached to the exit end of the CM-

cellulose column that is used to separate it from the protein.

Significance to Cancer Research (Objective 2, Approach 3)

Displacement chromatography of proteins, nucleic acids, etc., promises
to be of value at any scale of operation and therefore has significance to

all research that involves the isolation of such substances. The high capac-
ity and convenience of these systems offer to expedite the recognition and
isolation of minor protein components, such as marker proteins of interest
in disease, when large enough samples are available for enrichment by these
procedures. The fact that the CM-D, unlike salt, does not interfere with
electrophoresis greatly facilitates the evaluation of each chromatographic
fraction

.

Proposed Course of Research

Preliminary work done on the application of displacement chromatography
to the purification of clathrin, a ubiquitous, strongly aggregating protein
involved in endocytosis, will be continued in collaboration with Dr. H. T.

Pretorius of NIAMDD. This protein is an important part of the mechanism
by which certain hormones enter the cell. The use of detergents to dis-
aggregate it interferes with its assay and function, so other agents, more
readily dissociated from the protein, are being explored. Since the
oligomers of high molecular weight monomers emerge together in a relatively
narrow portion of the displacement chromatogram, a concept recently confirmed
experimentally with the oligomers of bovine serum albumin, the separation
of clathrin and its lower oligomers from contaminating proteins is expected
to be achieved without requiring complete dissociation to the monomeric form.
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Application of displacement chromatography to the separation of the

nonhistone proteins of chromatin is planned. Since the objective is the

isolation of functional proteins, preliminary efforts have been directed at

the development of a procedure for separating, as a group, as many as pos-

sible of these proteins from the histones under dissociating but nondenatur-

ing conditions before attempting subfractionation by displacement chromatog-

raphy.

Displacement chromatography will be applied to the isolation of serum

and cytoplasmic factors mediating bone marrow response to inflammation in

the guinea pig. Its possible application in the fractionation of cell popu-
lations and leukocyte granules will be explored, using appropriate adsorbent

matrices

.

Publications

Peterson, E. A. Ion-exchange Displacement Chromatography of Serum Proteins,

Using Carboxymethyldextrans as Displacers. Anal . Biochem . 90: 767-784, 1978.

Torres, A. R. , Peterson, E. A., Evans, W. H. , Mage, M. G., and Wilson, S. M.

Fractionation of Granule Proteins of Granulocytes by Copper Chelate Chroma-
tography. Biochim . Biophys . Acta 576: 385-392, 1979.

Torres, A. R. and Peterson, E. A. Concentration of Proteins Using Carboxy-
methyldextran . Anal . Biochem. , in press.
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SUMMARY OF WORK (200 words or less - underline keywords'

We have found an endogenous reducing substance in cultured cells which can
replace ascorbate as a cofactor for prolyl hydroxylase. The presence of
this substance appears to explain the phenomenon of ascorbate- independent
proline hydroxylation which occurs in transformed BALB 3T3 cells and
stationary phase L-929 cells . Transformed BALB 3T3 cells have also been
examined with respect to their collagen phenotype and content of micro-
tubules . Transformation with Kirsten sarcoma virus resulted in an alteration
of the collagen phenotype. Contrary to previously published reports using
qualitative microscopic methods to examine microtubules, we found no de-
crease in the microtubule content of transformed cells and, in fact, in most
transformed cells there was an increase.
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Project Description:

Objectives: To elucidate the basic mechanisms of collagen synthesis and

secretion and to investigate the factors which regulate these processes in

normal and transformed cells.

Methods Employed :

1. Proteins of whole chick embryos, isolated bones of these embryos, or

cell-free systems derived from these bones or cultured fibroblasts are

labeled with ^^C-proline. The proteins are precipitated with trichloroacetic
acid, redissolved and then assayed for radioactivity in collagen and non-
collagenous proteins by a method involving specific digestion of collagen in

a mixture of proteins using highly purified collagenase. This method was de-

veloped in our laboratory and is described in a previous report (1968-9).

The relative rate of collagen synthesis can be calculated from data obtained
by this method and the specific rate of synthesis in tissue or cells is cal-

culated by determining the DNA content and expressing the rate as cpm/yg DNA.

The proteins of the cell and medium fractions of cultured fibroblasts are

analyzed separately in order to study secretion. Morphological changes in

cultured cells are recorded by polaroid photomicroscopy

.

2. To determine the level of proline hydroxylation in collagen of cells

or tissues labeled with radioactive proline, collagenase digests are hydro-
lyzed with 6N HCl and radioactive proline and hydroxyproline in the hydro-
lyzates are measured by a specific radioassay. To measure the level of

lysine hydroxylation, cells or tissues are labeled with radioactive lysine

and hydrolyzed collagenase digests are chromatographed on Dowex-50 in 2N

HCl, which separates lysine and hydroxylysine

.

3. Prolyl and lysyl hydroxylases are measured by -'H2O release from

3H-proline or 3H-lysine labeled unhydroxylated collagen prepared by in-

cubating chick embryo frontal bones with the labeled amino acid in the pre-

sence of the iron chelator a,a '-dipyridyl , which inhibits hydroxylation.

4. Collagen types synthesized in cultured cells were determined by analysis

of l^C-or ^H-proline labeled, denatured collagen using carboxymethyl cel-

lulose chromatography and gel electrophoresis in sodium dodecyl sulfate-
polyacrylamide gels. The presence of disulfide bonds was detected by running
samples with and without dithio threitol and observing alterations in the

positions of a chains. This procedure has been modified in that samples

are now electrophoresed on slab gels and radioactive proteins detected by

fluorography

.

5. Measurement of intact microtubules in cultured cells was carried out by

sonicating cells in a solution containing glycerol and dimethylsulfoxide to

stabilize polymerized microtubules. The sonicate was centrifuged at high
speed to sediment microtubules and leave unpolymerized tubulin in the sup-

ernatant solution. A duplicate sample was sonicated in buffer minus sta-

bilizers and microtubules in the high speed pellet were depolymerized by
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resonicating in buffer minus stabilizers in the cold. The amount of tubulin

in each fraction was determined by measuring specific binding to -^H-

colchicine and the fraction of intact microtubules compared to total tubulin

was calculated.

Cell Lines used in these studies : Chick embryo fibroblasts: prepared by

digesting frontal bones from 15 day chick embryos with crude collagenase

and culturing the released cells. Subcultures in the second to fifth

passage are used.

L-929- a line of mouse embryo fibroblasts established about 30 years ago

by use of a chemical carcinogen.

BALB-3T3- a contact inhibited line of mouse embryo fibroblasts isolated by

Todaro and Aaronson. We have derived several subclones of this line: P3,

which is more stringently contact-inhibited than the original culture and

P13, which has lost density dependence.

BALB-3T6 and 3T12- lines of mouse embryo fibroblasts derived from the same

pool of cells as 3T3 but non-contact inhibited and tumorigenic.

Ki-3T3- a line established by Aaronson by transformation of BALB 3T3 cells

with Kirsten sarcoma virus. These cells do not produce viral particles

unless super-infected with murine leukemia virus.

MO-3T3- BALB 3T3 cells transformed with Moloney sarcoma virus.

SV-3T3- BALB 3T3 cells transformed with SV-40 virus

.

NQT-3T3- BALB 3T3 cells transformed with a chemical carcinogen, 4-Nitroquin-

oline-1-oxide

.

Embryonic and adult human diploid fibroblast s-purchased commercially.

BALB 3T3 subclone 3 was transformed with a temperature sensitive mutant of

Kirsten sarcoma virus (KSV) containing Moloney leukemia virus (MLV) helper

to give a mass infected and transformed line, tsKM-3T3.. A control line

infected with only MLV was also produced (MLV-3T3).

Major Findings :

I. The role of ascorbic acid in collagen metabolism.

A. Role of endogenous reducing cofactor in ascorbate-independent proline

hydroxylation in cultured cells.

Fractionation of stationary phase L-929 cells which contain a high

concentration of a cofactor which can replace ascorbate as a reductant for

prolyl hydroxylase ruled out nuclei and mitochondria as the subcellular site

of the cofactor. Most of the cofactor occurred in a fraction enriched in

microsomes, but, this fraction also contained the majority of plasma mem-
branes and lysosomes. In contrast, fractionation of homogenates from log
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phase L-929 cells led to a distribution pattern of microsomes different from

that of plasma membranes and lysosomes, with the cofactor distributing like
the microsomes. These results localized the endogenous reducing cofactor in

the microsomes and this finding lent strong support to the possibility that
this substance functions with prolyl hydroxylase during procollagen syn-
thesis, which occurs in the endoplasmic reticulum.

Further evidence for this conclusion was obtained by isolating mi-
crosomes containing intracisternal 4- H-proline labeled unhydroxylated pro-
collagen from cells which had been labeled in the presence of ct,ct '-dipyridyl

,

an inhibitor of prolyl hydroxylase. When these microsomes were incubated in

the presence of ascorbate and the other cofactors of the reaction, C6-keto-

glutarate and Fe , maximum hydroxylation of the endogenous substrate was
obtained. When ascorbate was deleted but a-ketoglutarate and Fe were
present, hydroxylation of the substrate was obtained but at a slower rate
than with ascorbate. Reduced pyridine nucleotides stimulated the reaction
due to the endogenous reducing cofactor but not to ascorbate. These exper-
iments prove that the endogenous reducing cofactor functions in the endo-
plasmic reticulum with endogenous prolyl hydroxylase and newly synthesized
procollagen

.

II. Quantitation of microtubules in normal and transformed BALB 3T3 cells.

As a result of previous work in which we determined the effect of local
anesthetics on collagen secretion and microtubule polymerization, we had
utilized an assay procedure to determine the fraction of cellular tubulin
present as intact microtubules (Methods, No. 5). We took advantage of this
quantitative procedure to study the question of whether transformation of
cells leads to a decrease in microtubule content. On the basis of experi-
ments using mainly iramuno fluoresence with antibody to tubulin or using
electron microscopy, which are essentially qualitative techniques, several

groups maintained that there is a dramatic decrease in cytoplasmic micro-
tubules as a result of transformation, while several other groups dispute
this claim. This question is important as it may be related to the alter-
ations in cell shape and surface properties which occur upon transformation.
The content of total tubulin and microtubules of BALB 3T3 cells and a series

of transformants produced by a variety of agents, including RNA and DNA

viruses and a chemical carcinogen, was determined. Not only was there no

decrease in the content of microtubules in the transformed cells but, in

general, there was a slightly higher concentration of total tubulin and

microtubules in these cells.

III. Modification of the collagen phenotype by transformation.

We had found previously that murine sarcoma virus transformed BALB 3T3

cells contained a different distribution of collagen types than either nor-

mal 3T3 or an SV-40 virus trans formant and had concluded that either some

unique feature of sarcoma virus transformation led to increased accumulation
of type III relative to type I collagen or that there was selective trans-

formation of variants which contained type III collagen.
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Since the sarcoma virus trans formants we had used previously were lines
isolated by other laboratories using BALB 3T3 cultures which may have been
at different stages of heterogeneity, a subclone of BALB 3T3 isolated in this
laboratory, clone 3, was mass transformed by exposure of cells to a tempera-
ture sensitive mutant of KSV which also contained MLV helper. This obviated
isolation of clones and thus avoided the possibility of cell selection. A
control culture was prepared by treating the cells with MLV alone. This re-
sulted in infection but no other change in phenotype, either morphologically
or biochemically. Techniques have been developed to rapidly process medium
from cells labeled with radioactive proline and to analyze the radioactive
chains present by slab gel electrophoresis and fluorography . It was found
that the tsKSV transformed cells contained a greater proportion of type III
collagen than the control MLV-3T3 cells so that transformation leads direct-
ly to an alteration in the collagen phenotype.

Proposed Course of Research :

I. Role of ascorbic acid in collagen metabolism.

A. Reducing co factor in cultured cells.

In order to determine whether the reducing cofactor found in cultured
cells plays any role in collagen metabolism in intact animals, various tis-
sues will be assayed for cofactor content. Since most laboratory animals,
except for the guinea pig, synthesize ascorbate and store it in their tis-
sues, either microsomes will have to be isolated in order to remove the
ascorbate, or tissues from scorbutic guinea pigs will have to be used. In

addition, purification of the cofactor from stationary phase L-929 cells will
be undertaken in order to identify the substance and delineate its mechanism
of action.

B. Role of ascorbate in regulating the level of collagen in animals.

This project will be reinitiated using an in vitro, short term organ
culture system to study the effect of ascorbate deprivation on collagen syn-
thesis and degradation by carrying out pulse-chase experiments with radio-
active proline to label collagen.

HI. Alteration of collagen phenotype by transformation with Kirsten sarcoma
virus .

Having established that transformation with KSV leads to an alteration
in the proportion of type III collagen accumulated by BALB 3T3 clone 3 cells,
the mechanism by which this change occurs will be investigated. First it
will be determined whether the sarc gene is responsible by labeling collagen
at the permissive and nonpermissive temperatures and analyzing the types
of chains synthesized under these conditions. It will also be determined
whether the rate of synthesis or degradation of total collagen or the indi-
vidual types which occur in 3T3 cells are affected by transformation.
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Significance to Biomedical Research and the Program of the Institute :

Determining the precise mechanism by which vitamin C affects collagen syn-
thesis should lead to a more accurate use of this vitamin. In addition,
our studies with transformed cells indicate that, at least under some con-
ditions, animal cells may be able to synthesize a substitute for the
function of vitamin C in connective tissue.

Our studies with dbcAMP are aimed at determining the extent to which this
chemical reverses cell transformation.

Studying the alteration in collagen phenotype induced by transformation with
sarcoma viruses will further expand our knowledge of the changes in the bio-
chemistry of neoplastic cells. Since collagen degradation may be a factor
in the invasion of metastatic tumors, these studies may provide insight into
this process.

Publications :

Peterkofsky , B., and Prather , W. : Increased proline transport resulting from
growth of normal and Kirsten sarcoma virus transformed BALB 3T3 cells in the
presence of N", O^'-dibutyryl cyclic adenosine 3

'

,5 '-monophosphate . Arch .

Biochem. Biophys . 192: 500-511, 1979.

Eichhorn, J.H., and Peterkofsky, B. : Local anesthetic-induced inhibition of
collagen secretion in cultured cells under conditions where microtubules are

not depolymerized by these agents. J. Cell Biol . 81: 26-42, 1979.

Peterkofsky, B., and Assad, R. : Localization of chick embryo limb bone
microsomal lysyl hydroxylase at intracisternal and intramembrane sites.
J. Biol. Chem . in press. May 1979.

Eichhorn, J., and Peterkofsky, B. : Quantitative biochemical analysis of
microtubule content in normal and transformed 3T3 cells. J. Cell Biol , in

press, August 1979.
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The purpose of this project is to develop methods for gene mapping in eukary-
otic cells and for cloning small fractions of a mammalian genome. Gene
transfer is detected by isolation of colonies of biologically transformed
cells in selective medium after incubation of isolated metaphase chromosomes
or mammalian DNA with mutant recipient cells deficient in HPRT or TK. The
gene product is further characterized as donor species. Chromosome- and
DNA-mediated gene transfer methods differ significantly with respect to the
size of the transferred genetic fragment. Chromosome transfer is currently
most useful for regional gene mapping. DNA-mediated transformation provides
a sensitive bioassay for dominant-acting mammalian genes. Nucleic acid
hybridization techniques are employed to determine the size of the trans-
ferred fragment. The fragment appears to be larger in unstable transferrants
initially than it is after stabilization by integration into the chromosomal
DNA of recipient cells. The transferred fragment, following chromosome
transfer, is not larger than approximately 0.7% of the donor genome.

3^
PHS-6040



ZOl CB05202-12 LB

Objectives

Development of gene transfer techniques in eukaryotic cells as a means

of genetic mapping, investigating gene regulation, and isolating restricted

regions of mammalian genomes.

Methods Employed

Tissue culture procedures including plating in selective media, cloning

and selection of cell mutants. Metaphase chromosome isolation and purifica-

tion by isopycnic and velocity sedimentation. Gene transfer to mammalian

cells either by uptake of purified metaphase chromosomes or purified, high

molecular weight, eukaryotic DNA with subsequent isolation of biologically

transformed colonies in selective media. Isolation, quantitation, and

characterization of gene products by chromatography, electrophoresis, iso-

electric focusing, and immunochemical procedures. Induction of micronuclei

formation in mammalian cells and isolation of "microcells" by cytochalasin

B-induced enucleation of these cells. Isolation and biochemical and karyo-

typic analysis of somatic cell hybrids following interspecific cell fusion

or fusion of "microcells" with intact cells. Karyological analysis of

cells by fluorescence, phase, and bright-field photomicroscopy . Isolation

of DNA and nucleic acid hybridization techniques.

Major Findings

A system for gene transfer in eukaryotic cells, involving the uptake

of isolated mammalian metaphase chromosomes, has been developed in this

laboratory previously. The stable transfer of functional genes by this

technique involves only chromosome fragments but closely linked genes are

cotransferred. These genes can exist in either an unstable or stable state

in recipient cells following transfer. Stabilization of the donor genes

results from integration of the transferred fragment into the chromosomal

DNA of recipient cells and integration can occur at multiple non-homologous
loci.

The size of the transferred fragment has been evaluated by utilizing
nucleic acid hybridization techniques in collaboration with Dr. Gurmit
Aulakh. Transcribed human unique sequence X-chromosomal DNA has been
isolated and used as a probe to quantify the fraction of the donor human
X-chromosome present in recipient mouse cells after chromosome-mediated
gene transfer involving selection for an X-chromosomal gene, hypoxanthine
phosphoribosyltransferase (HPRT). Human unique sequence DNA was radio-
isotopically labeled by nick-translation and transcribed human X-chromo-
somal DNA sequences were isolated by reassociation with a vast excess
of whole cellular RNA from a hybrid cell line containing only the human
X-chromosome in a mouse background. Sequences homologous with mouse DNA

were then removed by reassociation with excess mouse whole cellular RNA.

The reassociation of DNA isolated from three stable and three unstable
transferrant clones with this probe was assessed. This procedure

37



ZOl CB05202-12 LB

indicated that all clones contained a relatively small quantity of donor
DNA representing no more than about 12% of the X-chromosome or 0.7% of
the entire donor genome. The unstable transferrants contained a signif-
icantly larger quantity of donor X-chromosomal DNA (6-12%) than did stable
ones (<3%). This difference does not reflect more copies of a single frag-
ment in unstable transferrants but rather a larger size of the fragment(s).
Quantification of the donor fragment size in a large number of stable and
unstable transferrants is underway.

A radioisotopically labeled human unique sequence X-chromosomal DNA
probe has also been isolated by DNA-driven hybridization procedures. This
required the addition of poly dA tails to the nick-translated DNA to permit
isolation of the labeled human X-chromosomal unique sequences from a vast
excess of unlabeled, whole genomic, driver human DNA by chromatography on
oligo dT-cellulose and poly U-Sepharose columns after hydroxyapatite chrom-
atography. A purified probe has been prepared and quantification of the
fraction of the donor X-chromosome in the transferrants is in progress.

A sensitive method has been developed to detect the transfer of
multiple chromosome, or DNA, fragments into recipient cells using nucleic
acid hybridization techniques involving labeled mouse A-particle DNA and
RNA probes. A-particles are retrovirus-like structures which are reiter-
ated in the mouse genome to an unusually high degree (i.e. about 1000
copies/haploid genome) . These sequences are distributed relatively ran-
domly throughout the mouse genome and have little homology with DNA
sequences in other species. Donor mouse chromosomes containing an inte-
grated human HPRT gene were incubated with Chinese hamster HPRT-deficient
cells and five independent colonies expressing the donor form of HPRT were
isolated in selective medium. In collaborative studies with Drs . K.

Lueders and E. Kuff, the cotransfer of A-particle genes was detected in

four of these transferrants. This was shown by the reassociation kinetics
of DNA from the transferrants with ^H-labeled A-particle cDNA in solution
as well as by Southern blots of restriction digests of the transferrant
DNA with purified 32p_iai3g]^gjj A-particle RNA. Most transferrant s contained
about 1-5 copies/haploid genome whereas one contained 15-20 copies. Analy-
sis of the same transferrant clones after back-selection in thioguanine
for loss of the HPRT-selected marker demonstrated a decrease in the content
of A-particle genes but they were not completely lost. The absence of
concordant segregation of all A-particle genes with HPRT suggests that
there was incorporation of multiple donor chromosome fragments into each
transferrant or that a single portion of chromosome was incorporated and
further fragmented during subsequent propagation of the cells. The latter
alternative currently appears most probable.

The DNA-raediated gene transfer system recently reported by Axel et al.
has been investigated, including determination of conditions for optimal
transfer efficiency. The frequency of transfer was increased about 2-3
fold by post-treatment of recipient cells with dimethyl sulfoxide. The
frequency of interspecies and intraspecies transfer was very similar when
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the evolutionary range extended from rodents to humans. There has been only-

one previous report of HPRT transfer by this procedure and it represented a

single intraspecies transfer at a very low frequency. We observed that the

frequency of interspecies transfer of HPRT to mouse L^g cells was 1-2

orders of magnitude lower than the frequency of TK transfer to mouse TK-

cells (LMTK~C11D). However, similar frequencies of transfer of these two

genes was observed when a different line of mouse HPRT recipient cells

(TG8) was used. The most important factor in determining the frequency of

DNA-mediated gene transfer appears to be related to presently undetermined
differences between recipient cells. However, systems have been developed

which permit efficient transfer of HPRT, using mouse TG8 or Chinese hamster
HPRT" recipient cells. Over twenty independent clones resulting from trans-
fer of each of the selective markers (i.e. HPRT and TK) were further char-
acterized and expression of the donor species of these markers was

demonstrated

.

The frequencies of DNA-mediated and chromosome-mediated gene transfer
(CMGT) were similar. Both stable and unstable transferrants were isolated
by both techniques. A larger genetic fragment is transferred by CMGT than
by DNA-mediated transformation. Evidence was obtained by comparing the
frequency of cotransfer of the closely linked loci, galactokinase (GalK) and
thymidine kinase, with each gene transfer procedure. Co-transfer of GalK and
TK was observed in only one of 87 independent transferrants resulting from
transformation with DNA whereas cotransfer of these loci occurs with a fre-
quency of about 25% by CMGT. Nevertheless, cotransfer of TK and GalK by DNA
transformation, in even one instance, strongly suggests that the distance
between these two loci is less than 6 x 10' base pairs, as had been estimated
by another method. Determination of the transferred fragment size resulting
from DNA transformation is in progress using other methods. DNA was isolated
from two independent clones of mouse cells transformed for human HPRT. The
fragment size will be determined from the reassociation kinetics of these
driver DNA preparations with the human X-chromosomal DNA probe employed in
the CMGT hybridization studies.

Chromosome-mediated gene transfer has been used sequentially with micro-
cell hybridization to map genes on a Chinese hamster chromosome in collabora-
tion with Drs . John Minna and Raghbir Athwal . Preliminary analysis indicates
the association of phosphoglucomutase-2 (PGM-2), adenylate kinase (AK-2),
enolase-1 (ENO-1), and 6-phosphogluconate dehydrogenase (6-PGD) with a single
hamster chromosome. This provides informative comparative gene mapping data
since these same genes are known to be linked on mouse chromosome 4 and on
the short arm of human chromosome 1, although the gene order is not known in
either case. Analysis on back-selected cells allows a tentative ordering of
these genes in the hamster and it is 6PGD-PGM-2-(ENO-l , AK-2).

Proposed Course of Research

Nucleic acid hybridization experiments are in progress. The size of the
transferred genetic fragment(s) in several stable and unstable transferrants
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following either CMGT or DNA-mediated transfer will be determined. The

number of gene copies will also be determined from analysis of reassociation
kinetics. The presence of multiple chromosome or DNA fragments from either

a single chromosome or multiple chromosomes will be detected by similar

analyses of transferrant s selected for the loss of the selectable gene marker.
These same probes will be used to determine the location of the transferred
fragment in unstable transferrant s and subsequently to isolate these restric-
ted portions of the donor genome. Transformation with naked DNA is a bioassay
for dominant-acting genes which will be used as a second method to locate and

isolate the transferred fragment.

The A-particle DNA probe provides a third method to detect transferred
mouse fragments. This probe will also be used to study the kinetics of DNA
and chromosome transfer in the absence of selection. The cotransfer of A-
particle genes with endogenous mouse HPRT and TK markers will be studied using
HAT selection and after back-selection to detect the presence of multiple
donor fragments after CMGT or DNA-mediated gene transfer. The detection of
close linkage between an A-particle gene and a selectable HPRT or TK marker
can potentially provide a method for isolation of the HPRT or TK marker from
restriction digests and permit cloning of these genes.

Significance to Cancer Research (Objective 2, Approach 3)

Metaphase chromosome isolation and fractionation is a promising approach
for the fractionation of mammalian genes and can provide material for the
investigation of control elements associated with specific sets of genes. The
biological expression of these chromosomes introduced into recipient cells
provides a useful method for the regional mapping of mammalian genes. This
mapping can be further expanded by combination of this technique with micro-
cell hybridization. The CMGT method has been used in two laboratories to
transfer the malignant phenotype to recipient cells thereby providing a power-
ful tool for the study of neoplastic transformation. DNA-Mediated transforma-
tion differs significantly from CMGT and the former method offers another
approach to the study of gene regulation as well as an extremely convenient
bioassay for dominant-acting mammalian genes. Combination of these methods
with nucleic acid hybridization procedures should permit isolation of specific
eukaryotic genes for application with recombinant DNA techniques. The appropri-
ate combinations of these different gene transfer methods should afford insight
relating to the control and integration of normal and neoplastic eukaryotic
genes .

Publications

McBride, 0. W. and Athwal , R. S. Genetic Analysis of Eukaryotic Cells by
Chromosome-Mediated Gene Transfer and Other Methods. In Dion, Arnold (ed.)
Concepts of the Structure and Function of DNA, Chromatin, and Chromosomes .

Miami, Fl., Symposia Specialists, Inc., 1979, pp. 229-264.
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McBride, 0. W. , Burch , J. W. , and Ruddle, F. H. Cotransfer of Thymidine
Kinase and Galactokinase Genes by Chromosome-Mediated Gene Transfer. Proc

,

Natl. Acad. Sci. USA, 75: 914-918, 1978.
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Objectives

The goal of this project is the development of methods for the speci-

fic isolation of immune cells, particularly for different types of antigen-
reactive cells (arc) involved in cellular immune reactions to alloantigens

,

for their immunochemical characterization in order to study the mechanisms
involved in the development of immune reactivities and immune macromolecules

,

In particular we study the differentiation of cytotoxic effector cells (CTL)

from precursors (CTLp) in thymus, and the molecular reactions between immune

cells and antigens bound to target cell surfaces.

Methods Employed

ARC, obtained from normal mice or from mice immunized with allogeneic
tumor cells or normal cells are incubated on surfaces coated with allogeneic

or syngeneic target cells or on surfaces coated with antibodies to cell sur-

face molecules. Graft-versus-host activity (GVH) of nonadherent cells or
of released adherent cells is measured by the Simonsen spleen weight assay

in neonatal Fl mice. CTL activity is measured by ^Icr release from target

cells. Stimulation by alloantigen is measured by the mixed lymphocyte reac-
tion and by generation of CTL i£ vitro .

T cell subpopulations from thymus and spleen are prepared and charac-
terized by their reactions with specific reagents such as peanut agglutinin
and antibodies to the LyT and CTL (Rothstein et al^. J. Immunol . 120: 209,

1978) differentiation antigens. Cell surface molecules of target cells
are isolated to test their binding to ARC.

Major Findings

When thymocytes from BALB/c and C57BL/6 mice were separated by peanut
lectin into agglutinated (PNA"*") and nonagglutinated (PNA~) subpopulations,
the PNA~ population was significantly enriched for Lyt 1 2~cells (50%), com-
pared with unfractionated thymocytes (about 10% Lyt 1 2~)

. This PNA~
fraction, responsible for 80 to 100% of recoverable CTLp activity, also con-
tained Lyt 1 2 cells. CTLp activity was completely abolished by anti Lyt
2.2, but only partially abolished by anti-CTL. (Spleen CTLp activity is

completely abolished by such treatment.)

These findings suggest that within the thymus (an organ where lympho-
cytes undergo maturation to immunocompetence) , cells with a differentiated
Lyt phenotype (Lyt 1 2~) , as well as the Lyt 1 2 CTLp responsive to allo-
antigen in vitro , are found within the PNA~ subpopulation of thjnnocytes

.

Within this subpopulation, two kinds of CTLp can be distinguished on the
basis of sensitivity or resistance to anti-CTL. These cell types may rep-
resent two different stages of maturation, or two different lineages of
CTL precursors. We are continuing to characterize thjmiocyte differentia-
tion in collaboration with Dr. Bonnie Mathieson (I/LMI).
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Significance to Cancer Research (Objective 2, Approach 1)

The T cells that undergo maturation in the thymus are thought to be

directly involved in anti-tumor immunity, by means of cell-mediated tumor
rejection. Cytotoxic cell precursors, and helper and suppressor T cells
are thought to undergo maturation in the thjrmus . Knowledge of the antigen-
binding characteristics of immune cells may help in developing specific
purifications of immune lymphocytes reactive against tumor antigens. Know-
ledge of ways to separate helper and suppressor cells may help in poten-
tiating anti-tumor immunity, and may aid in understanding the variation in
tumor susceptibility of human beings, and may facilitate control of immune
mechanisms of tumor surveillance and rejection.

Proposed Course of Research

We plan to (1) continue to develop the general cell separation method-
ology based on specific binding of Ig-coated cells to anti-Ig-coated surfaces,
(2) separate T cell subtypes, particularly CTLs , their precursors, helpers,
and suppressors, and study their differentiation, (3) study the contributions
of these cells in vivo to immune reactions such as graft rejection, GVH reac-
tion, and tumor rejection, and (4) study the macromulecules involved in the
binding of CTL to target cells.

Publications

Rothstein, T. L., Mage, M. , Jones, G., and McHugh, L. Cytotoxic T Lymphocyte
Sequential Killing of Immobilized Allogeneic Tumor Target Cells Measured by
Time-Lapse Microcinematography . J. Immunol . 121 : 1652, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)

A human leukemic cell line has been used to study steroid actions Steroid

resistant subclones occur spontaneously in these cells at a rate consistent

with functional haploidy at the glucocorticoid receptor locus. The variant

cells' receptors are more labile than wild-type. HTC cell variants have

been infected with mouse mammary tumor virus ( MTV ) and possible interrela-

tions between MTV and other induced functions studied . Somatic cell hybrids

between GH cells and L cells show that prolactin induction by TRH and estro -

gen is lost , TRH induction because of loss of TRH receptor sites ,
estrogen

induction by failure to induce prolactin mRNA despite the presence of estro-

gen receptors . In human breast cancer, lack of progesterone receptors cor-

relates with an improved response to chemotherapy . Steroids which are de-

signed to be covalent affinity labels for glucocorticoid receptors are being

developed. Chromosome mapping of the glucocorticoid receptor locus is being

pursued. Prolactin cDNA is being cloned . A potent glucocorticoid with an

unusual structure is being studied for its effect on biological systems.
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Project Description

Objectives

Fundamental understanding of cellular controls of gene expression re-
mains our prime objective. Studies of steroid hormone action at cellular
and molecular levels are being pursued in an effort to achieve this goal.
Extension of basic laboratory findings to clinical problems has been pos-
sible, and has proved a fruitful secondary objective. In addition to

steroid hormones, the actions of certain other small molecules known to

affect gene expression have been under study.

Specific objectives relevant to the above are as follows:

1) Objective number one is to define cellular controls over steroid
responsiveness. This has been addressed by our continuing studies in three
cell systems, a) CEM cells are a line of human acute lymphoblastic leukemia
cells in tissue culture which are killed by glucocorticoids, b) HTC cells
are a line of rat hepatoma cells which contain a limited number of glucocor-
ticoid-inducible and -suppressible functions . c) GH3 cells are a clonal
line of rat pituitary adenoma cells which produce growth hormone (inducible
by glucocorticoids) and prolactin (inducible by estrogens and by the pep-
tide thyrolibrin) . In the first two cell lines, our objective has been to

obtain and define steroid-resistant variants. The third line has been
used in somatic cell hybrids, with the objective of discerning the nature
of cell controls over prolactin and growth hormone induction.

2) Objective two : the purification and characterization of normal
and mutant glucocorticoid receptors .

3) Objective three : to define the clinical correlates of steroid
receptors in breast cancer and various blood dyscrasias .

4) Objective four : to purify prolactin mRNA, prepare cDNA and clone
it. To identify the true prolactin gene clones by hybrid arrest of trans-
lation. To utilize these clones for the study of the structure and control
of prolactin. To utilize the translation assay for this purpose as well.

5) Objective five : to develop covalent affinity ligands for gluco-
corticoid receptors .

6) Objective six : to characterize the steroid receptors and steroid
responses in lines of Ly antigen-marked mouse lymphoma cells.
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7) Objective seven : to map the human chromosome carrying the gluco-

corticoid receptor.

8) Objective eight : to define the effects of 25-hydroxycholesterol

on cell growth and cholesterol synthesis, and to determine whether cells

possess a specific binding protein for this substance.

9) Objective nine : To examine the translatable levels of tyrosine

aminotransferase mRNA in tissue culture cells under various conditions

of hormonal treatment.

Methods Employed

See previous reports. Previously listed methods will not be reiterated

here. New techniques which have been added include 2-dimensional isoelec-

tric focusing/gel electrophoresis, the "pH 11" Giemsa staining technique for

distinguishing human from rodent chromosomes, a new method for assay of

ornithine decarboxylase, the "Southern" blot technique for identifying spe-

cific DNA sequences in restriction endonuclease digests of cellular DNA,

covalent affinity labeling of glucocorticoid receptors with several novel

ligands, and utilization of several new cell mutants as "reagents" to study

hormone-receptor interactions.

Major Findings

Objective One

a) GEM cells have been further utilized to study the actions of gluco-

corticoids against human lymphoblastic leukemia. Comparison of the rate of

acquisition of spontaneous resistance to lethal levels of glucocorticoids
with the rate of acquisition of resistance to 6-thioguanine shows both

events to occur at a similar rate, when the expression time of 6TG resis-

tance is taken into account. Since 6TG resistance is known to occur by

loss of HGPRT, an enzyme coded for by a haploid (x-linked) site, we conclude

that the acquisition of steroid resistance occurs at a "functionally hap-
loid" rate. This rate can be augmented substantially by treatment of CEM
cells with any of several chemical mutagens. Some 60-odd mutagenized
clones of steroid resistant cells have been isolated and analyzed for recep-

tor phenotype . The majority lack receptors altogether; the remainder have
significantly reduced numbers of receptor sites for glucocorticoids. This

contrasts with the 50-60 spontaneously resistant clones isolated last year,
all of which had measurable (though < wild-type) numbers of receptor sites

with diminished ability to undergo nuclear translocation. Three of the
spontaneously resistant clones have been studied in detail. Their recep-
tors all show abnormal lability with respect to steroid binding, and our
preliminary data suggest that they become labile after initial steroid
binding, when "activation" to the nuclear-retained form occurs.
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b) HTC cell variants. The characterization of several clones of

these tyrosine-aminotransferase non- inducible variants has been furthered.

We have shown that they possess a low level of translatable mRNA for tyrosine

aminotransferase and that this level is not increased by inducing steroids.

When these variants were infected with mouse mammary tumor virus (MTV) the

virus was induced normally by steroids; however in one or two infected

clones, TAT induction returned. In wild-type HTC cells, MTV infection did

not affect TAT or glutamine synthetase induction, a result which fails to

confirm certain published data.

c) Further studies have been carried out on GH3 x L cell hybrids,
with interesting results

.

GH^ cells are:

prolactin (induced by estrogen or TRH, suppressed by glucocorticoids)
growth hormone (induced by glucocorticoids, suppressed by estrogens)
glutamine synthetase (induced by glucocorticoids)

and contain receptors for estrogens, glucocorticoids (both cytoplasmic) and

TRH (membrane-bound)

.

L cells are prolactin" and growth hormone" but contain glucocorticoid-
inducible glutamine synthetase and receptors for estrogens and glucocorticoids
but not for TRH.

We find the fresh G x L hybrids to be prolactin", growth hormone", TRH
receptor", estrogen and glucocorticoid receptor , and glutamine synthetase
and inducible. We also find the fresh hybrids to lack measurable levels of
translatable prolactin mRNA. In the one hybrid clone which has shown
return of prolactin at a high constitutive production rate, translatable
levels of mRNA reflect this rate. These findings are the first to show this
type of specific negative control for an estrogen-induced function and the
first to show that such negative controls are exerted at the level of trans-
latable mRNA. They are also the first to show negative control over peptide
induction by TRH and to show that the mechanism is loss of TRH receptor.

Objectives Two and Five

Having decided that purification of glucocorticoid receptors would pro-
ceed much faster if the protein were covalently labeled with a steroid
ligand, we have developed and done preliminary tests on several new conven-
tional affinity ligands which show promise. All appear to bind to receptors
in crude cell extracts and several show biological activity, i.e. induce or
compete for induction of TAT. One of these has been tritiated and in pre-
liminary studies appears to covalently label at least a portion of the
receptor site's in a crude cell extract. Other, novel fluorescent chemo-
affinity ligands have undergone preliminary tests and also show promise.
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Objective Three

Our compiled results from several years of accumulated data in breast
cancer have been analyzed. The data indicate that estrogen receptor (ER)

is the best single prognosticator of the hormonal dependency of advanced
breast cancer, that the presence of progesterone receptor (PR) adds further
to this prognosis. Tumors which contain ER are more likely to contain
receptors for other steroids. In our patients ER and PR show a negative
correlation with the patients' likelihood to respond to chemotherapeutic
agents .

Receptor data from a large number and variety of leukemic patients have
been obtained and clinical data is now being compiled from these patients'
records

.

Objective Four

Partially purified (50-70%) prolactin mRNA has been prepared, and cDNA
prepared from it. Plasmids have been grown up and readied. The transla-
tion system which will be used to screen the clones (by hybrid arrest of
translation) has been set up. (It is this system which has been used to

analyze the GH2 x L cell hybrids described above.)

Objective Six

The characterization and quantitation of glucocorticoid receptors has
been carried out in three lines of lymphoid cells carrying various sets of
Ly antigens, markers for differentiation. One of these lines has been shown
to display suppressor function. This is the first characterization of these
receptors in such well-defined subsets of T-cells. This work has been
accepted for publication and the project terminated .

Objective Seven

Two attempts have been made to obtain hybrids favorable for mapping the

chromosomal locus of the glucocorticoid receptor, without success. Our data
suggest that these failures have been due to wide differences in growth
rates of the parental lines. Accordingly, a new candidate cell line has
been chosen and receptor^ , steroid resistant clones have been selected from
it with and without mutagenesis followed by selection in potent glucocorti-
coids .

Objective Eight

The 25-OH cholesterol binding sites in the GEM and L cell lines have
been characterized. They are protein in nature, and run at 5S and 8S on

sucrose gradients. The 8S fraction appears to include the specific binding
site. They do not bind steroids or cholesterol, but are specific for
hydroxylated cholesterols . Their occupancy correlates with inhibition of 'I
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HMG-CoA reductase, the rate-limiting enzyme in cholesterol synthesis.

Growth of CEM cells can be inhibited even in serum-containing medium.

This growth inhibition is reversible at low concentrations of sterol, if

the sterol-containing medium is removed.

Objective Nine

The reticulocyte translation system has been utilized to show that in-

duction of TAT by glucocorticoids in HTC cells is preceded by an increase

in translatable TAT mRNA. Also, the HTC cell variants which do not show
TAT induction show low basal, non-inducible levels of TAT mRNA by the

translation assay.

An additional finding of interest was the recognition of a highly
potent glucocorticoid with a novel structure. This compound has a pyra-

zolo-phenyl adduct on the A ring, a structure which one might suppose would
lead to loss of receptor binding. In fact it binds extremely well, and has

even greater potency as a glucocorticoid (TAT induction, CEM cell killing)

than its receptor affinity, as measured conventionally, would predict.

Proposed Course of Research

Except for those topics terminated we intend to vigorously pursue each
of the objectives above outlined.

In CEM cells, we plan to: 1) carry out complementation analysis among
mutants and dominant-recessive analysis for steroid resistance; 2) use our
new covalent affinity ligands + 2-D gel isoelectric focusing/electrophoresis
to demonstrate various classes of receptor variants; 3) to further charac-
terize the hydroxy-sterol binding sites and carry out their partial purifi-
cation. We shall test the new, potent steroid for its ability to kill these
cells, and examine the possibility of synergism/ antagonism between the
hydroxy sterols and the glucocorticoids. We hope to find an opportunity to

test in appropriate patients the novel, potent steroid, in collaboration
with the oncology service at NIH.

We will attempt to prove that our affinity ligands truly react as hoped
with receptors and to then purify and study these receptors and their ster-
oid binding site. With purified receptors, we will try to develop anti-
receptor antisera and monoclonal antibodies by the "hybridoma" technique.

In breast cancer and leukemia patients we will continue to look for
clinical correlations between receptors and response to various therapies.
We intend to apply our test for functional receptors—glutamine synthetase
induction— in various leukemias

.
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We intend to complete our prolactin cDNA cloning, to obtain growth hor-

mone cloned cDNA from Dr. J. Baxter, and to use these probes to study gene

structure and regulation in normal pituitary, GH-^ cells, and our GH^ x L

cell hybrids. Of specific interest will be whether bromocryptine regulates

prolactin synthesis or release and whether our prolactin-constitutive

GH3 X L cell hybrids have undergone gene duplications and/or regulatory

alterations which are discernible at the DNA sequence level.

We will characterize our new receptorless HTC cells and use them to

see whether several induced and suppressed functions in HTC cells require

receptors. They will also be used to monitor antisera against receptor.

Publications

Venetianer , A., Bajnoczky, K. , Gal, A., and Thompson, E. B. Isolation and

Characterization of L-Cell Variants with Altered Sensitivity to Glucocorti-

coids. Som. Cell Genet. 4: 513-530, 1978.

Schmidt, T. J. and Thompson, E. B. Glucocorticoid Receptor Function in

Leukemic Cells. In Endocrine Control in Neoplasia , Sharma, R. K. and Criss,

W. E. (eds.), Raven Press, New York, pp. 263-290, 1978.

Norman, M. R. , Harmon, J. M. , and Thompson, E. B. Use of a Human Lymphoid

Cell Line to Evaluate Interactions Between Prednisolone and Other Chemother-

apeutic Agents. Cancer Res . 38: 4273-4278, 1978.

Allegra, J. C, Lippman, M. E., Thompson, E. B., and Simon, R. An Associa-

tion Between Steroid Hormone Receptors and Response to Cytotoxic Chemo-

therapy in Patients with Metastatic Breast Cancer. Cancer Res . 38: 4299-

4304, 1978. (Review, presented at FIC meeting on Hormones and Cancer)

Allegra, J. C. , Lippman, M. E. , Thompson, E. B., Simon, R. , Barlock, A.,

Green, L., Huff, K. K. , Do, H. M. T., Aitken, S. C, and Warren, R. Asso-

ciation Between Steroid Hormone Receptors and Response Rate to Cytotoxic

Chemotherapy in Metastatic Breast Cancer. Cancer Treatment Rep . 62: 1281-

1286, 1978.

Schmidt, T. J. and Thompson, E. B. Glucocorticoid Receptors and Glutamine

Synthetase in Leukemic Sezary Cells. Cancer Res . 39: 376-382, 1979.

Harmon, J. M., Norman, M. R. , Fowlkes, B. J., and Thompson, E. B. Dexameth-

asone Induces Irreversible G-^ Arrest and Death of a Human Lymphoid Cell

Line. J. Cell Physiol . 98: 267-278, 1979.

Simons, S. S., Jr., Thompson, E. B., and Johnson, D. F. Ant i- inflammatory

Pyrazolo-steroids : Potent Glucocorticoids Containing Bulky A-ring Substi-

tuents and No C 3-Carbonyl . Biochem . Biophys . Res . Commun . 86: 793-800,

1979.
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Thompson, E. B. Report on the International Union Against Cancer Workshop
on Steroid Receptors in Leukemia. Cancer Treatment Rep . 63: 189-195, 1979.

Allegra, J. C, Lippman, M. E., Thompson, E. B., Simon, R. , Barlock, A.,

Green, L., Huff, K. K. , Do, H. M. T. , Aitken, S. C, and Warren, R. Rela-
tionship Between the Progesterone, Androgen, and Glucocorticoid Receptor
and Response Rate to Endocrine Therapy in Metastatic Breast Cancer. Cancer
Res. 39: 1973-1979, 1979.
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Several mammalian proteins important for analysis of in vitro DNA replication

have been purified and characterized. These proteins include two DNA g-poly-

merases, DNA B-po lymerase , and helix-destabilizing proteins from a mouse
tissue and also vaccinia virus-induced DNA polymerase and vaccinia virus-

induced primase from vaccinia virus-infected Hela cells. The subunit composi-

tion of each of the mouse DNA pol3mierases was determined. Tryptic peptide

mapping revealed that the a-polymerases and 3~polynisrase do not have a com-

mon subunit or detectable region primary structure homology. DNA Otppoly-

merase and vaccinia virus-induced DNA polymerase have associated exonuclease .

Three discrete fragments of helix-destabilizing protein were produced by

controlled proteolysis with trypsin. These fragments have been purified,

and they are being used in studies on structure-function relationships of

helix-destabilizing protein.
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Project Description:

Objective : The objective of this research program is to understand mecha-
nisms of DNA synthesis in mammalian cells. Our approach is the examination
of DNA replication in vitro using purified DNA polymerases and other re-
quired proteins.

It is anticipated that these studies on the properties and specificities of
the purified DNA replication proteins will, in conjunction with results from

other workers, help answer important question about mechanisms of DNA repli-
cation in the cell.

Methods Employed : Procedures have been developed for purification of DNA

polymerases and DNA binding-protein from mouse tissue. These procedures in-

volve subcellular fractionation, various types of ion exchange, gel filtra-
tion, and affinity chromatography, and assays for DNA polymerase activities
using a variety of reaction conditions. Cell fractionation procedures and
characterizations of reaction products were performed using conventional
techniques of rate-zonal centrifugation and scintillation spectrophotometry.

Major Findings

:

1. Discovery of Two a-Polymerases in Mouse Myeloma:

Using an improved purification method recently developed in this labora-
tory, we found that mouse myeloma contains two a-pol3mierases . Both enzymes
have a native Mj- of 190,000 and are composed of two nonidentical subunits of
54,000-daltons and 47, 000-daltons . The results suggest a 54,0002-47,0002
subunit structure for both ot-polymerases , however, tryptic peptide mapping
revealed that the subunits of the two enzymes share very little, if any,

primary structure homology. Thus, the two Ol-polymerases are clearly dif-
ferent species. They are referred to as ot, -polymerase and Ct2-polymerase

,

respectively. Although heterogeneity of Ct-polymerase activity has been
widely reported, this work is the first conclusive demonstration of two

a-polymerase enzymes in the same tissue; this work has also provided the

most rigorous evidence to date on the subunit structure o f an a-polymerase.

2. Discovery of Exonuclease Associated with Alpha-polymerase

:

Our near homogeneous preparation of aj^-polymerase contains a high level

of exonuclease activity, whereas a2~polymerase contains only a trace amount.

All of the exonuclease activity in the a, -po lymerase preparation appears to

be physically associated with a^ -polymerase , since the exonuclease and poly-

merase activities comigrated during polyacrylamide gradient gel electrophore-
sis and cosediraented during high-salt glycerol gradient centrifugation. This

was the first demonstration of exonuclease associated with a highly purified
a-polymerase . The finding is of particular interest in view of the important

role of polyraerase-associated exonuclease in several prokaryotic systems.
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3. Tryptic Peptide Analysis of Mouse B~Polymerase

:

Further evidence was obtained that mouse 3~polynierase is a single

40, 000-dalton polypeptide. This polypeptide was analyzed by tryptic peptide

mapping, and it was noted that the tryptic peptides obtained from B-poly-
merase were different from those obtained from the subunits of the two mouse
Ct-polymerases . Thus, mouse alpha and beta DNA polymerases do not share a

common subunit and probably do not have primary structure homology.

4. Controlled Proteolysis of Mouse Helix-destabilizing Protein and

Isolation of Fragments:

The 27, 000-dalton mouse helix-destabilizing protein (HDP) was purified
to homogeneity by isoelectric focusing of the partially purified protein.

This purified HDP has been distinguished from the other well-known DNA bind-

ding proteins (i.e., 28,000-Mj. HMG protein, P8 protein, and histones) of

mouse origin by tryptic peptide mapping. We have found that limited trypsin
digestion of HDP results in accumulation of two well-defined fragments with

apparent M^ = 24,000 and 22,000. More extensive digestion in the presence
of ssDNA results in accumulation of a 19,000-H|. fragment. These three frag-

ments, designated 24HDP*, 22HDP"', and 19HDP*, respectively, have been puri-

fied and characterized. In the presence of ssDNA, 24HDP* is further cleaved

to give 19HDP*, whereas 22HDP"'^ is degraded extensively without accumulation

of 19HDP*. The intact HDP, 24HDP* and 22HDP* have the same N-terminal end,

but differ from each other at the C-terminal end. 19HDP" is probably the

result of the removal of about 38 amino acids from the N-terminal end of

24HDP*. The production and isolation of these fragments is an important

step toward understanding structure-function relationships of helix-
destabilizing protein.

5. Identification and Purification of Vaccinia Virus-induced DNA

Polymerase

:

A soluble protein fraction from vaccinia virus-infected Hela cells

contained an abundant DNA polymerase that could not be detected in extracts

from uninfected cells. This DNA polymerase has been purified extensively

using a four-step procedure that included column chromatography on DNA-

cellulose. The native M^^ of this vaccinia virus-induced DNA polymerase is

about 60,000 on Sephacryl S-200. Like the cellular a^^-polymerase , the final

preparation of vaccinia virus-induced DNA polymerase contains abundant

exonuclease activity. Like all other purified DNA polymerases, the vaccinia

virus-induced polymerase is inactive unless reaction mixtures are supple-

mented with a polynucleotide on which initiation of DNA synthesis can occur.

This study is the first characterization of purified vaccinia virus-induced
DNA polymerase.

6. Enzymatic Initiation of Vaccinia Virus-induced DNA Polymerase In-Vitro :

We have found an enzyme in extracts from vaccinia virus-infected Hela

cells that is capable of initiating vaccinia virus-induced DNA polymerase.
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This initiating enzyme has been partially purified and separated from the
vaccinia virus-induced DNA polymerase and vaccinia virus-induced RNA poly-
merases. This initiating enzyme is not detectable in extracts from
uninfected cells. The initiating enzyme can function either during a pre-
incubation without DNA polymerase or in the presence of the DNA polymerase.
Thus, the initiating effect does not require the presence of the vaccinia
virus-induced DNA poljmierase. It does require, however, the presence of
nucleoside 5 '-triphosphates of either the ribo or deoxyribo type. We have
obtained evidence that the initiating enzyme can form a polynucleotide
containing a mixture of ribo and deoxyribonucleoside monophosphates and that
the vaccinia virus-induced DNA polymerase can use these polynucleotides for
initiation onto their 3' OH ends. This vaccinia virus-induced initiating
enzyme appears to resemble the E. coli enzyme termed primase, which is

capable of initiation of DNA sjmthesis by E. coli DNA pol III with ssDNA as

a template.

7. Regulation of DNA Polymerase Alpha in Monkey Cells in Culture:

In collaboration with E.L. Kuff, we have continued an examination of
levels of alpha-po lymerase activity in contact inhibited monkey cells in

culture. The results of this study are still preliminary, and we anticipate
detailed description of findings in a later report.

Significance to Cancer Research : Detail knowledge of the mechanisms of DNA
synthesis is vital to our understanding the molecular biology of neoplasia.
Many approaches are being used to investigate DNA synthesis in normal and neo-

plastic cells, and advances on all levels will prove useful in preventing,
treating, and ultimately controlling cancer. Activity of DNA synthesizing
enzymes is necessary for maintenance of a rapid rate of cell division, and in

some cases there is evidence that these proteins may play an important role
in the development of the neoplastic state.

Proposed Course of Research :

1. To further characterize DNA replication proteins from mouse cells and
from vaccinia virus-infected cells.
2. To further characterize mouse Helix-destabilizing protein.
3. To investigate activity of purified DNA replication proteins in vitro
using as template either a single-stranded closed circular bateriophage
DNA or vaccinia virus DNA.

Publications :

Tanabe, K. , Bohn , E.W., and Wilson, S.H.: Steady-state kinetics of mouse
DNA polymerase 6. Biochemistry 18: 49-54, 1979.

Chen, Y.C., Bohn, E.W., Planck, S.R., and Wilson, S.H.: Mouse DNA poly-
merase alpha: Subunit structure and identification of a species with
associated exonuclease. J. Biol. Chem., in press, 1979.
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SUMMARY OF WORK (200 v^ords or less - underline keywords)

The similarity of polynucleotide phosphorylase from M. Luteus and E_.

coli has been confirmed by structural studies which show that the primer-

independent M. Luteus enzyme is also a three subunit enzyme . Conversion

to primer dependence by trypsin treatment, is accompanied by the removal

of a carboxyl terminal peptide without large conformational changes in the

protein.

Regulation of cyclic nucleotide phosphodiesterase by calmodulin has

been shown to be only one example of several similar calmodulin regulated

systems. Calmodulin forms equimolar complexes with several polypeptides

such as the catalytic subunit of phosphodiesterase, the large subunit of

its inhibitory protein, myosin light chain kinase and troponin I. Since

these polypeptides are all different they may share a common calmodulin

binding domain. The calmodulin binding domain of phosphodiesterase has a

(Cont'd next page)
5"^
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Summary Cont'd

regulatory role by itself. Removal of this domain by limited proteolysis
results not only in the loss of calcium regulation but also in a large
increase in enzyme activity. It therefore behaves as an inhibitory subunit.
Another regulatory mechanism shared by several calmodulin binding proteins
is their ability to be regulated by cAMP dependent phosphorylation . The
activity of myosin light chain kinase and its affinity for calmodulin was
shown to be affected by phosphorylation.

Project Description:

Objectives : To study the functional role of subunits and protein-protein
interactions. Two enzymatic systems: polynucleotide phosphorylase and cAMP
phosphodiesterase and other calcium dependent regulator protein systems are
being studied.

Methods Employed : The project involves the study of properties of proteins,
purified and analyzed by the usual techniques of protein isolation, including
many types of chromatography and electrophoresis. The enzymes are being
studied by examining their optical, hydrodynamic , and kinetic properties as

well as by suitable chemical measurements and modifications.

Polynucleotide Phosphorylase .

The subunit structure of polynucleotide phosphorylase has been deter-
mined by sedimentation equilibrium and crosslinking with dimethylsuberimidate
followed by electrophoretic analysis. Both the primer-independent and trypsin
treated, primer-dependent enzymes are composed of three subunits. The mo-
lecular weight of the subunit of the native enzyme is 92,000, that of the

partially proteolyzed enzjrme is 78,000. Trypsin treatment appears to remove
the carboxyl terminal portion of each subunit since neither of the two forms
of the enzyme has a detectable amino terminal residue. The two forms of

the enzyme have very similar phosphorolytic activities but differ widely in
their polymerization activities: ability to initiate or terminate

"
de novo

"

synthesis, to elongate short oligonucleotides or large RNA molecules. This

specific effect of proteolysis on the polymerization reaction is presently
under study.

Regulation of Cyclic Nucleotide Phosphodiesterase .

The Ca^ -dependent regulation of several cellular processes is mediated
by the ubiquitous, multifunctional, regulatory protein, calmodulin. Regula-
tion of cyclic nucleotide phosphodiesterase by calmodulin is used as a model
system to elucidate the mechanism of action of calmodulin.

The first step of this regulation is the binding of Ca^ to calmodulin.
Study of the binding of Ca^ to calmodulin using equilibrium dialysis and

spectroscopic techniques has shown tnat this interaction is a cooperative
process which involves at least three distinct transitions. The inactive
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Ca -free protein is converted to a calmodulin Caf complex which is inactive
towa.rds phosphodiesterase but has undergone most of the detectable conforma-
tional changes accompanying Ca^"^ binding. Upon binding of two further moles

,2+of Ca , calmodulin becomes activated but no significant structural change
is detected. Since we have previously shown that Ca "*" binding to calmodulin
selectively affects the environment of tyrosyl residue 138, and since the
conformational changes take place before activation it seems likely that Ca
binding occurs sequentially and it is possible that different calmodulin.
Ca "*" complexes may interact with different enzymes.

Our studies show that there are at least two classes of proteins that
bind to calmodulin in a Ca -dependent manner: a high affinity class (Kq 10~

-10"^ M) including cyclic nucleotide phosphodiesterase, and its inhibitory
protein, and myosin light chain kinase and a low affinity class (Ky. > 10~^ M)
which includes high molecular weight, membrane associated, actin binding
proteins (Davies P. and Klee C.B.). Interaction of calmodulin with troponin
I, phosphodiesterase and its inhibitory protein has been studied using C^*^-

labeled or nitrated calmodulin. In all three cases calmodulin interacts with
a different polypeptide and forms a 1:1 complex. This interaction depends on
Ca^"*" except in the case of troponin I which also binds to calmodulin in the
presence of EGTA. Interaction of calmodulin with any one of these proteins
prevents interaction with the other. Despite their differences these pro-
teins may share a common sequence or calmodulin binding domain. Indeed
limited proteolysis of phosphodiesterase results in a loss of its ability
to interact with calmodulin, accompanied by a large decrease of its subunit
molecular weight from 58,000 to 36,000. After limited proteolysis, the

catalytic activity towards cAMP and cGMP is enhanced several fold. It there-
fore appears that the calmodulin binding domain of the diesterase exerts an
inhibitory effect on the rest of the enzyme molecule. The possibility of

an additional regulatory mechanism is being tested presently since several
calmodulin-dependent enzymes or proteins can be phosphorylated by cAMP de-
pendent protein kinase. Like phosphorylase b kinase and myosin light chain
kinase, cyclic nucleotide phosphodiesterase can be phosphorylated although in
the latter case definitive evidence for the effect of phosphorylation on the
enzyme activity has not been obtained (P. Richman, T. Crouch and C. Klee).

In collaboration with Drs. Adelstein and Hathaway from the NHLBI we have
extended our studies on calmodulin regulation to myosin light chain kinases
from smooth muscle and brain. These proteins have been purified by affinity
chromatography on calmodulin coupled to sepharose. They interact with calmo-
dulin with a high affinity and form 1:1 complexes. Phosphorylation of myosin
light chain kinase by the catalytic subunit of cAMP dependent protein kinase
results in an inhibition of the enzyme and a decreased ability to interact
with calmodulin. These experiments provide evidence for a coupled regulation
of cellular processes by Ca^ and cyclic nucleotides.

Other collaborative projects include the study of the inhibition of

binding of TSH. to thyroid membranes by calmodulin and troponin C (L. Kohn,
R. Magnuson and C. Klee) and the effect of calmodulin on adenylate cyclase
from Chinese hamster cells (W. Anderson, D. Evain and C. Klee).

59



ZOl CB05231-05 LB

Significance to Biomedical Research and the Program of the Institute

Both proteins being studied are examples of regulation of catalytic ac-
tivity by protein-protein interactions. Polynucleotide phosphorylase , a well-
known bacterial enzyme, also has been described in mammalian cells. It is

widely utilized for the synthesis of model nucleic acids used in nucleic acid
enzymology and interferon induction, and also in the degradation of poly A
sequences of mammalian mRNA. Its physiological role is still undetermined,
but it would seem likely that the enzyme has an important function in nucleic
acid metabolism.

cAMP phosphodiesterase, as one of the enzymes responsible for the con-
trol of cAMP levels, which are critical for the regulation of cell growth and
differentiation, is of considerable interest. The potential role of calmo-
dulin in mediating the cellular effects of Ca^ and the functional state of

contractile proteins is of obvious importance. This ubiquitous regulatory
protein could provide a link between cyclic nucleotide levels and multiple
cell functions. The ability of calmodulin to regulate a large number of bio-
logical functions represents a novel mechanism with great potential physiolo-
gical significance.

Future Course of Research

cAMP phosphodiesterase activity is regulated by two naturally occurring
proteins: calmodulin and a calmodulin binding protein previously described in

this laboratory. The effects of other types of positive or negative effectors
such as imidazole and theophylline on the regulation of the enzyme by its phy-

siological effectors will be studied. All studies will be conducted on enzyme
or regulatory proteins purified to homogeneity in order to simplify the inter-
pretation of the results. Subunits and protein-protein interactions will be

studied in order to elucidate their potential role in the complex cooperative
kinetics exhibited by the enzyme and the concerted regulation mechanism of

calmodulin. Similar studies will be carried out with other calmodulin requir-
ing enzymes such as the recently purified light chain myosin kinases in order
to understand the multiple functions of calmodulin. Subcellular localization
of the various components will be studied with the aid of antibodies which

also may be useful in studies of the regulation of synthesis and degradation
of these proteins.

Publications

Adelstein, R.S., Conti , M.A. , Hathaway, D.R. and Klee , C.B.: Phosphorylation
of smooth muscle myosin light chain kinase by the catalytic subunit of adeno-
sine 3': 5 '-monophosphate-dependent protein kinase. J_. Biol . Chem . 253: 8347-

8350, 1978.

Richman, P.G. and Klee, C.B.: Specific perturbation by Ca^"^ of tyrosyl residue

138 of calmodulin. J. Biol . Chem. , in press.
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Klee , C.B., Crouch, T.H. and Krinks , M.H. : Subunit structure and catalytic
properties of bovine brain Ca^ -dependent cyclic nucleotide phosphodiesterase.
Biochemistry 18: 722-729, 1979.

Klee, C.B., Kirk, K.L. and Cohen, L.A. : 4-Nitro-L-histidine as a substrate
for histidine ammonia-lyase : the role of 6 -hydrogen acidity in the ratelimiting

step. Biochem. Biophys . Res . Commun . 87: 343-348, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

The primary nucleotide sequence of two defective variants of SV40 that
contain covalently linked monkey sequences has been determined. The
structures around the joints between SV40 and monkey DNA in these vari-
ants indicate that mechanisms other than those depending on extensive
homology between recombining molecules were responsible for recombination .

Studies on the transcription of these defective variants in infected cells
indicate that they are transcribed even though they contain only very short
regions of the wild type viral genome. New approaches to the isolation of
substituted defective molecules have been devised. One of these approaches
allows the isolation of defective variants containing monkey sequences even
when they occur in only a few out of 10 infected cells. The newly isolated
variants appear to be quite similar in structure to one of the two we studied
earlier. Studies on the structure of the new isolates is being facilitated
by means of recombinant DNA techniques.
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Project Description:

Objectives

The discovery of variants of simian virus 40 that are substituted with
DNA segments derived from the host cells, African Green monkey kidney cells,
offers the opportunity to study recombination in a primate system. It is

the purpose of this work to exploit these variant viral genomes to study the
mechanism of recombinational processes, as well as aspects of the interaction
of virus and host. The variants, which contain only limited portions of the
wild type SV40 sequences, are also being used to study the transcription of
viral genomes in infected cells.

Methods Employed

Standard tissue culture procedures are used for the growth of monkey
kidney cells and SV40. Procedures used for studying viral DNA synthesis
include radioisotope tracer techniques, preparative and analytical ultra-
centrifugation, DNA-DNA hybridization both in solution and with DNA fixed to

nitrocellulose filters, column chromatography, and selective precipitation
of high molecular weight DNA. Extensive use is made of restriction endonuc-
leases and both preparative and analytical gel electrophoresis for the ana-
lysis and preparation of DNA fragments. Specific enzymatic procedures are
used for modification or isotopic labeling of DNA fragments. Primary nuc-
leotide sequence determination of DNA fragments is carried out by direct
DNA sequencing techniques using the chemical procedures (methylation and
hydrazinolysis) introduced by Maxam and Gilbert. Substituted variants of
SV40 containing specific monkey sequences are detected, isolated, and pu-
rified using _in situ DNA-DNA hybridization to monolayers of infected monkey
kidney cells. DNA fragments from SV40 as well as from defective variants
are purified and prepared in pg quantities by recombinant DNA techniques
using the E_. coli K12 cloning system. Recombinant DNA techniques are also
used for the construction and preparation of variants containing specific
portions of the SV40 genome covalently linked to E_. coli plasmid DNA. All
recombinant DNA experiments are carried out under conditions required by
the NIH Guidelines for Recombinant DNA Research as specified in Intramural
Memoranda of Understanding approved by the NIH Biosafety Committee. In the
transcription studies EINA is isolated from infected cells by standard pro-
cedures and purified by centrifugation and hybridization. Active transcrip-
tion complexes are isolated by detergent treatment of infected cells. The
RNA is then analyzed by centrifugation in sucrose density gradients, by gel
electrophoresis, and by RNA-DNA hybridization techniques. Finally, all our
work has been facilitated by extensive use of the NIH computer for storage
and analysis of nucleotide sequence data.

Major Findings

As reported last year, we have been working on the properties of two
particular substituted variants of SV40 . Both variants contain DNA se-
quences derived, by recombination with the SV40 genome, from monkey DNA.
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We have now determined the entire primary nucleotide sequence of one
variant, termed CVP8/1/P2 and almost the entire sequence of the other,
termed 1103. In the course of analysis of the nucleotide sequences sur-
rounding joints between monkey and SV40 DNA segments in the variants the

following observations were made. First, there are no lengthy regions of

homology between the recombining segments, insofar as we can now tell.

Thus classical recombination mechanisms that depend on such long homo-
logies do not appear to participate in formation of these molecules.
Short regions of homology (4 to 7 base pairs in length) , do exist and may
be of significance to the recombination mechanisms. In any case, such
regions do not appear to be obligatory as they are missing in at least one
instance. In several cases the homologous segments between the recombining
DNAs are also sequences that are repeated several times in the wild type
SV40 genome itself. The significance of this observation is not known.
Sequences around three of the four joints we determined are rich in A-T
base pairs, as are several other recombining regions in both eukaryotic
and prokaryotic systems. It is widely speculated that the relative insta-
bility of DNA duplexes in regions rich in A-T base pairs may facilitate
recombination. Three of the four joints contain the sequences GAA, GAAA,
or GAAAA. We have speculated that such sequences may reflect aspects of

the recombination mechanism.

These highly characterized defective variants of SV40 are a source of

DNA fragments containing pure monkey sequences. Knowledge of all restric-
tion endonuclease sites within the molecules permits the preparation of

fragments of DNA containing only monkey DNA. Isotopic labeling of such
fragments allows their use as probes for the same sequence in a variety of

different experiments. Further, cloning of those DNA segments in E_. coli

by recombinant DNA techniques assures their purity, their availability in

required amounts, and their long term stability. Much of the additional
work reported here has depended on the availability of these probes.

It is known that many independently generated variants of SV40 that

are recombinants with monkey DNA contain sequences homologous to the highly
repeated a -component DNA of the African green monkey. The two variants
we have studied, CVP8/1/P2 and 1103, both contain that sequence. Both

CVP8/1/P2 and 1103 also contain segments of monkey DNA that are present in

very few copies in the monkey genome, although each contains a different
such sequence. The low copy number sequence present in CVP8/1/P2 has been
detected in a few other independently generated variants, but the signifi-
cance of this finding is unclear because the number of such independent
preparations is very low. Substituted variants have, in the past, been
detected only in stocks of virus obtained after serial passage at high

multiplicity. Not all such stocks contain substituted variants. Thus
there has not been a reliable and convenient way in which to generate the

variants. Furthermore, purification of any particular variant virus (or

its genome) from the mixture of wild type virus and other variants in

wnich it is generated is, by the usual methods, both laborious and likely
to lead to rearrangements in the structure by additional recombinational
events. As a result very few substituted defectives have been studied
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carefully and essentially nothing is known about conditions that foster
the formation of such recombinants. In the past year two major new ap-
proaches for dealing with this problem have been made. These procedures
depend on the availability of the probes described above. In conjunction
with recombinant DNA techniques, the new procedures are permitting rapid
detection, isolation, and structural analysis of substituted variants.

The first new approach started from the observation that random stocks
of SV40 mutants that are temperature sensitive in the "A" gene (tsA) are
rich in substituted defective variants. Two different tsA mutants were
therefore plaque-purified three times and then passaged at a high multipli-
city of infection in monkey cells at the permissive temperature, 33°C.
After two passages, substituted defective variants were detectable and
after four passages the substituted variants constituted a high proportion
of the total viral progeny. Using the probes described above we demon-
strated that both mutants had given rise to variants containing both the
high and low reiteration frequency monkey sequences present in CVP8/1/P2.
Control experiments in which wild type virus was also passaged at high
multiplicity at both 33 °C and 37 °C suggest that the prompt formation and/
or amplification of the defectives may be related to the low temperature
rather than any particular defect in the starting virus. This point is

being investigated further. Viral DNA was purified from the passaged tsA
stocks and initial analysis was made by restriction endonuclease diges-
tion and hybridization of the resulting fragments with both wild type SV40
probes and the probes described above. It is now reasonably well estab-
lished that both types of monkey sequence are in covalent linkage with
each other and with wild type SV40 sequences in these new variants. Each
of the defective populations (arising from the two different tsA mutants)
is a mixed population of defective molecules as well as wild type helper.
In order to facilitate analysis of the joints in these defectives we are
purifying the variant genomes by recombinant DNA techniques. DNA fragments
obtained by restriction endonuclease digestion of the mixed population
have been ligated to the plasmid pBR322 and the recombinant plasmid used
to transfect E^. coli K.12. Cloned colonies of the resulting bacteria have
been screened for SV40 and monkey sequences and colonies containing both
sequences are now being analyzed.

The second new approach allows the detection of substituted defec-
tives even when they are formed at a low frequency in a population of

monkey cells infected with SV40. It is based on a technique (devised
by others) for iri situ hybridization that allows detection of centers of

SV40 infection on a monolayer of infected cells. The entire monolayer is

transferred intact to a nitrocellulose filter which is then subjected to

hybridization with a suitable probe. The initial method used SV40 DNA as
radioactive probe. If a nonreiterated monkey DNA sequence is used as the

hybridization probe, conditions can be devised such that the reaction with
cellular DNA itself is insignificant. If that sequence is incorporated
into a substituted SV40 and replicated in the infected cells, hybridization
with the probe is readily detectable as a radioactive "plaque". The method
is such that 10° infected cells, subsequently dispersed among a twenty fold
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excess of uninfected cells in a monolayer, can be screened easily. Initial
experiments indicate that the frequency of occurrence of such variants,
using the low frequency monkey DNA probe of CVP8/1/P2, is of the order of
5 per 10 infected cells, depending on the conditions of the experiment.
Prior to transfer to nitrocellulose, the monolayer is protected by a layer
of agar, and it is possible, by lining up the filters and the saved agar
overlay, to obtain viable virus from the position in the agar corresponding
to positive plaques. Techniques developed in the Section on Biosynthesis,
LB, permit further cloning of such materials and, after minimal amplifica-
tion, sufficient substituted viral DNA can be obtained to undertake initial
structural studies. Analysis by restriction endonuclease digestion and
hybridization of the resulting DNA fragments to appropriate radioactive
probes has demonstrated that SV40 and monkey sequences are almost certainly
covalently linked and that the particular substituted defectives we have
obtained are similar in structure to CVP8/1/P2. Restriction endonuclease
fragments from these isolates are also being cloned in the pBR322-E. coli
Ki2 system is order to facilitate further structural analysis.

The two defective SV40 variants described above contain only limited
regions of wild type genome. In both cases this region includes the DNA
segment identified by others as the origin of viral DNA replication. The
same region has been identified as being involved in the initiation of

transcription of the viral genome in infected cells. However, the precise
extent of the region required for both early and late transcription is

still under study. Because the two variants contain such small portions
of this segment they provide tools for asking questions about initiation
of transcription. This is especially true of variant 1103 which contains
only about 170 base pairs of wild type DNA. Transcription of the detective
genome can be distinguished from transcription of the wild type genome be-
cause of the presence of monkey sequences. Furthermore, since the highly
repetitive ^-component sequence is not transcribed from the monkey genome
at all (reported by others and confirmed in our experiments), transcription
of the defective variants is readily detected. We have found that when the
BSC-1 line of monkey kidney cells is infected by either variant 1103 or
CVP8/1/P2, transcription of the a-component sequence in the defective does
occur. This has been measured both by isolating RNA from infected cells
and by studying synthesis of RNA iji vitro with viral transcription com-
plexes isolated from infected cells. Experiments are in progress designed
to separate wild type transcriptional complexes from 1103 transcriptional
complexes by means of appropriate differential restriction endonuclease
cleavage. Newly synthesized RNA remains bound to the cleaved DNA templates
and the two types of complexes (wild type and variant) are being separated
on sucrose gradients. RNA is then isolated from the complexes and hybri-
dized to separated strands of wild type SV40 DNA fragments fixed on nitro-
cellulose filters. Preliminary data suggest that transcription of the 1103
variant is symmetric while that of the wild type is asymmetric, as expected.

Significance to Cancer Research

SV40 is an oncogenic virus. Oncogenicity appears to depend on re-
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combination of the viral genome with that of susceptible host cells, re-
sulting in insertion of the virus into the genome of transformed cells.
Our studies deal with recombination of the viral genome with cells of a

permissive host. These studies are pertinent to the nature and mechanism
of viral-host DNA recombination, as well as to the events that lead to per-
missive rather than transforming infections. Our studies are also part of
a growing body of evidence that nonhomologous recombination is an active
process in eukaryote cells. Further, it is now widely recognized that both
DNA and RNA tumor viruses are constantly being altered by recombination with
host cells. Thus, a process of major importance for an understanding of
oncogenic viruses is being studied.

Proposed Course of the Research

1. Using the in situ plaque hybridization technique we will study the
frequency with which substituted defectives containing the low copy number
monkey sequence present in CVP8/1/P2 arise in infected cells. Other probes,
derived from unique monkey DNA sequences, will also be used. The dependence
of the frequency on various factors will be studied. These factors include
different strains of wild type virus and temperature sensitive mutants of
SV40, different temperatures, different types of permissive cells.

2. We plan to continue work on the structure of the substituted vari-
ants recently isolated by means of the passaging of tsA mutants and by means
of the _iii situ plaque hybridization procedure. Material purified by cloning
in E_. coli will be used.

3. We have already initiated studies designed to investigate the role,
in the replication process, of sequences in and around the 80 base pairs
that have been identified to contain the origin of replication of wild type
SV40. These studies will be continued.

4. The studies on transcription of defective genomes will be continued.
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The work described nerein consists of an examination by hybridization anal-

ysis of the kinetics of accumulation and disappearance of vitellogenin mRNA in
rooster liver, following a primary injection of estradiol. These studies have
been carried out with the sense strand of a cloned vitellogenin cDNA fragment.
The results obtained are in general agreement with those obtained previously
with cDNA produced by reverse transcription of vitellogenin mRNA. The homoge-
neity of the cloned hybridization probe, however, has made it possible to de-
monstrate that prior to treatment with estrogen, the level of vitellogenin mRNA
in rooster liver, is less than one molecule per cell.

A 6000 nucleotide long fragment of the native vitellogenin gene has been pu
rified 100-200 fold from total chicken DNA, by a combination of chromatography
on RPC-5 and preparative agarose gel electrophoresis. The DNA fraction con-
taining this fragment was ligated to the arms of the EK2 bacteriophage vector
X WESb Xgt . The chimeric bacteriophage DNA was packaged in vitro and used to

transfect the bacterial host, E. coli DP-50 supF. Clones"~c'ontaining DNA se-
quences derived from the vitellogenin gene were identified by plaque hybrid-
ization to 32p labeled vitellogenin mRNA.
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Project Description:

Objectives : To elucidate the mechanisms by which estrogen regulates the syn-
thesis of vitellogenin and to examine the genomic organization of the vitello-
genin gene .

Methods Employed : Chimeric plasmid DNA has been converted into a radioactive
single-stranded probe, for the detection of vitellogenin mRNA by liquid hy-
bridization. The procedure used involved excision of the cloned vitellogenin
DNA sequence from the plasmid backbone, with the restriction endonuclease
Pstl. The excised fragment was isolated by electrophoresis in agarose gels
and recovered by dissolution of the gel in sodium iodide followed by adsorp-
tion of the DNA to finely powdered silica. The purified fragment was then
labeled with -^'^P by nick translation. A sense strand specific probe was
isolated by hybridization of the nick translated DNA with an excess of vitel-
logenin mRNA, under conditions such that only RNA-DNA and not DNA-DNA du-
plexes, were stable. The anti-sense strand and any other unhybridized DNA
was then destroyed by digestion with the single strand specific nuclease, SI.

Chicken DNA that had been digested with the restriction endonuclease,
Eco Rl and fractionated by chromatography on the resin RPC-5, was purified
further by preparative scale electrophoresis in 1% agarose gels. Fractions
from the gel were transferred to nitrocellulose filters and hybridized with
J^P-labeled vitellogenin mRNA. Fractions containing DNA sequences derived
from the vitellogenin gene were ligated to the purified "arms" of the EK-2,
bacteriophage vector, lambda WESb , lambda gt . The recombinant bacteriophage
DNA was packaged in vitro and used to trans feet the E. coli host DP-50 supF.

Major Findings : The kinetics of accumulation of vitellogenin mRNA in rooster
liver following the administration of estrogen, have been examined by hybrid-
ization to cloned vitellogenin cDNA. The results obtained are in general
agreement with those of previous studies in which cDNA prepared by reverse
transcription vitellogenin mRNA was used as a hybridization probe. The
purity of the cloned cDNA sequence, however, has allowed a more accurate
determination of the level of vitellogenin mRNA found in the liver of the
normal rooster. Prior to treatment of the rooster with estrogen, vitello-
genin mRNA is present in the liver at less than one molecule per nuclear
equivalent of DNA.

Chicken DNA that had been digested with the restriction enzyme E. coli
Rl yielded four fragments that hybridized with vitellogenin mRNA. Two of
these fragments also hybridized to vitellogenin cDNA that was complementary
to the 3' proximal 1000 nucleotides of vitellogenin mRNA. The aggregate
size of the genomic DNA fragments that contain parts of the vitellogenin gene
was found to be approximately 20,000 base pairs, indicating that the gene is

most probably interrupted by sequences not represented in the mature mRNA.

Chicken DNA that had been digested with the restriction endonuclease Eco

Rl, was fractionated by reverse phase chromatography on the resin, RPC5. DNA
fractions from RPC5 chromatography have been subjected to electrophoresis on
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1% agarose gels, transferred to nitrocellulose filters, and hybridized with
either radioactive vitellogenin cDNA or mRNA. Fractions of the eluate from
the RPC5 column, containing a restriction fragment that hybridized strongly
with 32p-]_abeled vitellogenin mRNA, were purified further by electrophoresis
in agarose gels. One fraction from the agarose gel contained more than 90%
of the restriction fragment of interest. The fragment was 6000 nucleotides
long and hybridized both with vitellogenin mRNA and also with a cloned vitel-
logenin cDNA fragment. It was estimated that this fragment of the vitello-
genin gene had been purified approximately 200-fold from total chicken DNA
and so should have been present at a level of one molecule in a thousand in

the DNA present in this fraction from the gel. DNA from the fraction was
ligated to the purified arms of the bacteriophage vector lambda WESb lambda
gt and packaged in vitro . The recombinant bacteriophage was used to infect
the E. coli host DP-50 supF. Approximately one clone in every thousand con-
tained a fragment of chicken DNA that hybridized with 32p_]^ai3g]_g(j vitello-
genin mRNA.

Significance to Cancer Research : It can be assumed that at least some forms
of cancer can be attributed to aberrations in the mechanisms that control
gene expression. At present, we have minimal knowledge of the processes that
control the expression of genes at the transcriptional or the translational
level in either the normal or malignant cell. One possible way to study
these processes is to examine biochemically the ways in which certain agents
can affect specific gene expression. An ideal system for these studies is

one in which hormones that can regulate the synthesis of specific proteins
are employed. In the studies described above, estrogen is used to induce the

synthesis of vitellogenin in the rooster, an animal in which the vitellogenin
gene is completely repressed in the normal condition. In addition, the syn-
thesis of vitellogenin is appropriate for the study of controls of regulation
of post-translational modification of proteins, since vitellogenin is a protein
that is phosphorylated and glycosylated after or during its translation and

it is presently not known how or to what extent post-translational modifica-
tions influence specific protein synthesis and transport.

Proposed Course of Research : The amount of structural and intervening se-

quence present in the cloned fragment derived from the vitellogenin gene will
be determined by nuclease mapping. The position of this fragment relative
to the 5' terminus of vitellogenin mRNA will be determined by R-loop studies.
Work will continue on the fractionation of the chicken genome with a view to

cloning large fragments of DNA containing both the structural and regulatory
elements of the vitellogenin gene. These DNA fragments will ultimately be
used in a reconstituted in vitro transcription system utilizing homologous
RNA polymerase, histones and nonhistone proteins. This system will be used

to study the molecular mechanisms involved in regulation of expression of
the vitellogenin gene.

Publications: None.
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Project Description:

Objectives : To use the host-substituted variants of SV40 in studying the

transcription of viral DNA and the cellular processing of transcripts con-
taining covalently linked host and viral RNA sequences; to understand the
process of recombination between SV40 DNA and the DNA of infected cells.

Methods Employed : Cell culture; virus passage; preparation of viral trans-
criptional complexes; nucleic acid labeling; isolation and hybridization;
other virological, biochemical and molecular biological techniques.

Results: In studies begun during Dr , E. Winocour's tenure as a Visiting
Scientist (August 1977 to July 1978), an infectious center assay was devel-
oped which permits early detection of recombinants between plaque-purified
SV40 DNA and unique sequences in monkey DNA. This technique has yielded
several new stocks of defective virus containing a unique monkey sequence
previously found in other host-substituted SV40 lines.

These newly isolated variants have not appeared to possess a selective
replication advantage over other viral DNAs present in the stocks; therefore
it has been difficult to amplify them to a point where structural analysis
was feasible. Recently, we have developed a microwell partition technique
which permits rapid amplification and purification of other new recombinants,
Restriction enzyme analysis of one amplified new variant is now in progress,
with results more fully described in the current report of Project ZOl CB
5234-05 (Dr. Maxine Singer).

Proposed Course of Research:

(a) We will try to examine newly formed variants at the earliest possible
time after their initial detection, in order to obtain information relevant
to the original recombination event. (b) We will try to develop probes
to test for recombination between SV40 and other poorly reiterated monkey
sequences .

Publications: None

i
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Recombinant DNA technology is being used to refine our knowledge of the

structural organization of the chicken genome to the point where well-

studied structural genes that are responsive to hormones can be placed in

context with respect to the structural organization of the genome as a

whole. Our primary tools for studying DNA sequence organization in the

chicken are cloned DNA fragments containing repetitive sequence elements
,

since these can be used to determine the structure of all of the many

different sequences in the genome to which the cloned sequence is related,

PS3-604C
(Rev. IC-76)
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Project Description:

Objectives

:

Progress in understanding the regulation of gene expression in eukaryo-
tic cells is now understood to depend on the simultaneous application of many
different types of experimentation carried out at both the cellular and mole-
cular levels of investigation. We expect that the most advantageous approach
will be concentration of research efforts on a few animal genomes chosen for

the breadth of knowledge already available about them and for other special
features that designate them as promising subjects for study. A prominent
example of this trend is the research effort focussed on various aspects of
structure and regulation in the chicken genome.

There are many well-characterized structural genes whose organization
in the chicken genome are being studied using the most advanced recombinant
DNA technology. Many of these genes are directly amenable to experimental
manipulation because their expression is regulated by hormones. The gen-
eral features of genome organization in the chicken have also been deter-
mined, placing this genome in an intermediate category with respect to the

extremes of DNA sequence organization described in other animal species.
Since the chicken genome exhibits some characteristics of each of the more
familiar long and short-period interspersion patterns, it may provide a

unique opportunity to relate structure and function.

Fulfillment of this potential will require that effort now be devoted
to the unexplored area that lies between the detailed description of a few
specific genes and a very general description of genome organization. We

have chosen as our objective further development of knowledge about the

details of structural organization in the chicken genome. This project has

only recently been made possible by the development of recombinant DNA tech-
nology. We expect that it will be possible to use the increased resolution
that cloning provides to illuminate the details of chicken genome organiza-
tion. Eventually the regulation of well-studied structural genes can begin
to be placed in context with respect to the structural organization of the

genome as a whole.

We have initiated this work by focussing attention on the repetitive
sequences in chicken DNA, because a single cloned repetitive sequence can

be used to determine the structure of all of the many different sequences
in the genome to which the cloned sequence is related.

Methods Employed:

1. Isolation of cloned chicken repeated sequences

Chicken nuclear DNA fragmented by digestion with the restriction endo-
nuclease EcoRI was fractionated by RPC-5 chromatography. Fractions enriched
in repeated DNA were ligated with the plasmed PBR322, and the recombinant DNA
molecules were used to transfect E. coli chi 1776. Recombinant DNA clones
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were selected using the ampicillin resistance trait of the plasmid and

screened for the presence of chicken repeated DNA by colony filter hybrid-
ization. This and all subsequent work with E. coli containing chicken DNA

was initially carried out under P-3 , EK-2 conditions of containment. This

system was subsequently de-classified to the P-2, EK-2 level in accordance

with the NIH guidelines for recombinant DNA research. Work proceeded under

IMUA-16.

2. Isolation of asymetric probes representing cloned sequences

Measurement of the repetition frequency of the cloned repeated sequences

in the chicken genome is mostly easily accomplished using radioactively
labeled, separated strands of cloned DNA fragments in a reassoc iat ion re-

action in solution using total DNA in excess. The efficiency of various
agarose gel electrophoresis systems for separation of DNA strands has been

evaluated and the most suitable system selected. Radioactive labeling of

these isolated single strands allows us to prepare radioactive asymetric

probes from any of the cloned repetitive DNA sequences.

3. Restriction analysis of repetitive clones

An important step in developing a cloned fragment of the chicken genome

into a useful tool is to generate a map of many restriction endonuclease

cleavage sites within the cloned sequence. We have accomplished this for

two clones containing 5.5 and 3.6 kilobases of chicken DNA, respectively.

The methods have included: a) digestion with several restriction nucleases

used individually or in combination; b) isolation of individual restriction

fragments from agarose gels and re-digestion with a second restriction

enzyme; and c) isolation and radioactive labeling of restriction fragments,

followed by hybridization to filter-bound DNA fragments derived from restric-

tion digests of the entire clone.

4. Mapping of repeated and non-repeated sequences within the cloned DNA

fragments

Using the restriction mapping data, we have generated restriction digests

that subdivide each cloned sequence in a number of alternative ways. Filter-

bound restriction fragments were hybridized to labeled repeated DNA. By

alignment of the restriction map with the restriction fragments that hybridize

with repeated DNA, we have determined the number and location of repeated

sequences in the cloned fragments and have assigned some areas to the single

copy category. We were also able to make qualitative distinctions between

moderately and highly repeated sequences by this method.

5. Organization of genomic sequences homologous to the cloned repeated

sequences

Total chicken DNA digested with BamHI , EcoRI, or Hindlll, respectively,

was transferred to nitrocellulose blots after electrophoresis through 0.7%

agarose gels. The blots were hybridized to radioactively labeled cloned
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repetitive sequences or, in subsequent experiments, to labeled restriction
fragments representing portions of the cloned repeated sequences. This ap-
proach has yielded a great deal of information about the structural organi-
zation of repeated DNA in the chicken genome.

6. Sequence divergence of repeated DNA sequences

Repeated sequences in DNA often consist of non- identical copies of a

given sequence. The degree of difference between the multiple copies can
be determined by measuring the thermal stability of the hybrid duplexes.
We have surveyed divergence among sequences related to two adjacent repeated
sequences in the chicken genome using the cloned representatives of these
sequences as radioactive probes.

7. Contribution of polymorphism to the complex patterns of DNA sequence
organization in the chicken genome

There is now evidence that the DNA of different individuals of the same
species differs qualitatively. As much as 4% nucleotide substitution has
been observed between DNAs isolated from individual sea urchins, and a simi-
lar estimate of divergence is obtained from differences in restriction sites
observed within intervening sequences of the cloned chicken ovalbumin gene.
We have isolated DNA from the livers of twenty individual chickens to be used
in a determination of the extent of restriction site polymorphism within
those repeated sequences for which we have cloned representatives.

8. Selection of chicken DNA fragments cloned in bacteriophage lambda repre-
senting different occurrences of the same repeated sequence

We have determined that repeated sequences represented in some of our
plasmid clones occur in a limited number of different alternative arrange-
ments in the chicken genome. To isolate other clones containing sequences
homologous to those in the plasmid clones but representing these alternative
arrangements, we have screened plaques of a bacteriophage lambda "library",
containing restriction fragments representing the entire chicken genome for
homology with repeated sequences in the plasmid clones. Many lambda clones
have been identified and purified. These phages contain larger fragments of
chicken DNA than do the plasmid clones, and are expected to provide the oppor-
tunity to compare the sequences flanking various members of the same family
of repetitive sequences.

Major Findings

:

1. Characteristics of chicken repeated DNA sequences

Two cloned fragments of chicken DNA containing repeated sequences have
been studied extensively. Clone pGgl32 contains a 3.6 KB EcoRI fragment of
chicken DNA that is entirely repetitive, but contains no internal duplica-
tions of sequence. Based on qualitative comparisons of the extent to which
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different restriction fragments of the cloned sequence hybridize with radio-
active total repeated DNA, it appears that all portions of the cloned frag-
ment have an equivalent repetition frequency in total DNA. Thus, we charac-
terize this clone as a single, long repetitive sequence element.

Clone pGg6410 contains 5.5 KB of chicken DNA, composed of a single copy
region, a very highly repeated sequence less than 2 KB in length, and a

second repeated sequence of much lower repetition frequency, about 2 KB in
length. This cloned fragment also contains no internal duplication of se-
quence .

From these examples we conclude that, unlike the typical short repeated
sequences extensively interspersed with single copy DNA found in other ani-
mal genomes, many repeated sequences in chicken DNA are several-fold longer.
They are not always flanked by single copy DNA, but are sometimes adjacent
to other repeated sequences. Long repeated sequences in some other animals
have often been shown to consist of tandem repetitions of a much shorter
repeated element . None of the chicken repeated sequences studied so far

fits into this category.

2. Structural organization of repeated sequences in the chicken genome

Cloned restriction fragments containing repeated sequences were hybrid-
ized to total DNA digested with restriction enzymes. The expected pattern of
hybridization depends on the location of restriction sites relative to the
boundaries of the repeated sequence. If the cloned restriction fragment
covers only the central portion of a repeated sequence, hybridization to the
Southern blot is expected to involve many fragments of identical length com-
plementary to and the same length as the cloned fragment. This pattern has
not been observed. Instead, each cloned repetitive sequence that we have
studied hybridizes to restriction fragments of several different lengths.
In each case, the additional restriction fragments of total DNA that hybrid-
ize to the cloned repeated sequence are both longer and shorter than those
expected from the distance between restriction sites within the cloned frag-
ment. From the relative intensity of hybridization to fragments of different
lengths, we infer that there are many more copies of some of the homologous
restriction fragments than of others in total DNA. Each of the hybridizing
"bands" on the Southern blot seems to be present in at least a few copies.

This pattern of hybridization could be the result of specific insertions
or deletions within some of the copies of a repeated sequence that add or
delete restriction sites, thus generating new restriction fragments that
hybridize to the parent sequence. But since each of the several restriction
fragment lengths to which the cloned sequences hybridize are present as

multiple copies in the genome, this could only serve as an explanation if

multiple insertions or deletions have occurred at the same site in the same
sequence - that is, as the result of site-specific recombination. The mul-
tiple insertions within the 28S ribosomal RNA coding region in Drosophila
DNA provide precedent for such a mechanism in eukaryotic DNA.
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Alternatively, the multiple restriction fragments to which the cloned
repeated sequences hybridize could have arisen through alteration of a single
member of a family of related sequences, by mutation, insertion, deletion,
etc., followed by reduplication of that altered sequence.

These experiments have revealed a much more complicated relationship
between different members of families of related DNA sequences than here-
tofore appreciated. It is now important to establish whether the alternative
arrangements of repeated sequences arose slowly during the evolution of avian
DNA, or are occurring on a more contemporary level within the lifetimes of
populations or individuals. We now understand that this work must be accom-
plished before we can study the association of certain repeated sequences
with well-known structural genes, since the possibility remains that eukary-
otic genomes are undergoing rapid rearrangement on a scale sufficient to

render such associations unstable.

Significance to Cancer Research: The basic mechanisms whereby differentiated
cells undergo alterations in gene expression in response to extracellular
stimuli are of direct relevance to understanding the establishment of malig-
nant phenotype. We have chosen to study the structural features in DNA se-
quence organization that are involved in the alteration of cell phenotype in

a hormone-responsive tissue. This information will apply directly in the
search for the underlying structural features of animal genomes that are in-

volved in differentiation in normal cells, and which undoubtedly are also
related to transcriptional changes associated with malignancy.

Proposed Course of Research : To determine exactly how different members of
families of repeated sequences in DNA differ from one another, we have
selected DNA fragments cloned in bacteriophage lambda representing several
different members of each of the families studied using the plasmid clones.
By restriction analysis, hybridization to Southern blots, and heteroduplex
analysis, we can determine the positions of insertions, deletions, translo-
cations, or areas of extensive divergence within related sequences. Since
one of the plasmid clones contains two repeated sequences, we also have the

opportunity to determine how frequently these two sequences are associated
in the genome and if, when associated, the structure of each sequence is

constant or variable.

To determine whether the alternative structures resulted from somatic
rearrangement of DNA, polymorphism within populations, or evolutionary change,
we will compare the hybridization of cloned repeated sequences to DNA derived
from different tissues of the same individual, different individuals, and
different avian species, respectively.

We already know that repeated DNA sequences in the chicken genome are
well represented in nuclear RNA (Eden, unpublished). Since asymetric,
labeled probes representing cloned repeated sequences are now available to

us, we can obtain quantitative information about the repetition frequency of
these sequences in total DNA and their degree of representation in nuclear
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RNA from a variety of tissues. Comparison of these two results will provide
information about the regulation of transcription of those families of re-
peated DNA presently under study.

Although the clones presently being studied were chosen at random and

are probably representative of the chicken genome as a whole, it is imperative
that we develop additional, different cloned repeated sequences to the same
level of understanding to validate or refute this assumption. We have initi-
ated work on five more cloned chicken DNA fragments cloned in PBR322 for this
purpose .

Publications :

Eden, F.C., Hendrick, J. P., and Gottlieb, S.S.: Homology of single copy and
repeated sequences in chicken, duck, Japanese quail, and ostrich DNA. Bio-
chemistry 17: 5113-5121, 1978.

Eden, F.C., and Hendrick, J. P.: Unusual organization of DNA sequences in the

chicken. Biochemistry 17: 5838-5844, 1978.
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Project Description:

Objectives : In a previous study we showed that the administration of estrogen
to roosters causes the de novo synthesis of vitellogenin messenger RNA in the
liver. This mRNA is not sjmthesized by normal rooster. Thus, induction of
the sjmthesis of vitellogenin mRNA by estrogen is an ideal model system in

which to study the mechanisms by which the steroid hormone, estrogen, induces
the expression o f an otherwise inactive gene. We have attempted to character-
ize several in vitro systems that we will use to study expression of the vitel-
logenin gene. This work includes studies on transcription in isolated nuclei
and in chromatin.

Methods Employed: We have developed a procedure for isolating nuclei that
are active in transcription from rooster liver. This procedure involves the

homogenization of liver in isotonic sucrose and the purification of the nuclei,
We have also begun to study transcription in chromatin from normal and estro-
gen-stimulated roosters. Nuclei are isolated and chromatin is prepared by
lysis of nuclei in hypotonic medium. The chromatin is not sheared prior to

its use as a transcriptional complex and the chromatin-directed RNA synthesis
that we have studied has utilized only the endogenous, chromatin-assoc iated
DNA-dependent RNA polymerase. We studied a variety of methods to monitor RNA
that is synthesized in vitro. These have included labeling o f in vitro syn-
thesized RNA. with mercurated nucleotide triphosphates and isolation of the

mercurated RNA on sulfhydryl agarose columns, and labeling of in vitro synthe-
sized RNA with 3h-UTP or 32p_uTP followed by isolation of the RNA and hybridi-
zation of this RNA to appropriate DNA sequences (See NCI ZOl CB 5238-10 LB and

NCI ZOl 5250-02 LB) immobilized on various paper supports.

Major Findings : Nuclei isolated by our procedures from rooster liver are pure

as measured by phase contrast microscopy and are very active in transcription.
The conditions used for RNA synthesis involve the use of relatively high lev-
els of nucleotide triphosphates, and a triphosphate generating system (phos-
phocreatine and phosphocreat ine kinase). The synthesis of RNA is linear for

approximately 30 minutes. Both DNA dependent RNA polymerases I and II are
active in our preparations, 62% of the synthesis being due to RNA polymerase
II as measured by the sensitivity of this synthesis to a-amanitin. The nuclei
incorporate approximately 2 picomoles of UMP into RNA per yg o f nuclear DNA
in 10 minutes of incubation at 25°C, a level of synthesis consistent with
some reported in the literature for nuclei from other sources. We have found

that nuclei from estrogen-treated rooster liver are approximately twice as

active in transcription as are those from livers of untreated roosters. We

have had considerable difficulty in isolating high molecular weight RNA from

our preparations, since the levels of ribonuclease in these nuclei are so

high. We are still in the process of trying to overcome this problem. Chro-
matin isolated from rooster liver nuclei by our procedures is also active in

transcription, utilizing the endogenous chromatin-assoc iated RNA polymerases.
The chromatin directs RNA synthesis to the extent of incorporation of 0.6

pmoles of UMP into RNA per \ig of DNA in 10 minutes of incubation at 25°C.

This synthesis is 87% inhibited by a-amanitin. We decided that the experi-
ment Co determine the amount of vitellogenin RNA sequences transcribed
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in vitro should be done utilizing a cloned vitellogenin sequence and hybrid-
Tz"ing 3H-UTP or 32p-UTP-labeled RNA synthesized hi vi tro to vitellogenin DNA
sequence under conditions of vast DNA excess. Such a cloned vitellogenin
DNA sequence has recently become available (See NCI ZOl CB 5238-10 LB). As

model system, we have immobilized DNA from the plasmid pBR322 on either
nitrocellulose filters or on diazotized M-aminobenzyloxymethyl cellulose paper
(Alwine, J.C, Kamp , D.J., and Stark, G.R. (1977) Proc . Nat. Acad. Sci. USA
74: 5350-5354) and have hybridized 32p_uMP labeled cRNA synthesized with E_.

coli RNA polymerase to the immobilized DNA. We have established conditions
for hybridization and have done thermal melting profiles of the hybrids to

prove that the binding of -^^P-UMP labeled RNA that we observed was due to true
hybrid formation. We have measured the levels of transcription of the vitel-
logenin and the albumin gene in isolated nuclei from livers of normal and
estrogen-treated roosters. We have found that whereas there was very little
or no transcription of the vitellogenin gene in nuclei from the livers of
normal roosters, vitellogenin RNA synthesis comprises 0.5% of the total in

vitro RNA synthesized by nuclei from livers of estrogen-treated roosters.
The transcription of the albumin gene, a gene whose expression is not af-
fected by estrogen, is not stimulated in nuclei of estrogen-treated rooster
liver, but, in fact, is slightly depressed. The synthesis of vitellogenin
and albumin RNA by chromatin, utilizing endogenous, chromatln-assoc iated RNA
polymerase, is similar to what we found in isolated nuclei.

Significance to Cancer Research : The elucidation of mechanisms that control
biosynthetic processes is crucial to understanding cancer. Study of the means
by which estrogen influences RNA synthesis will help determine how RNA syn-
thesis is controlled. The study of vitellogenin mRNA synthesis in rooster
liver has the great advantage that we can study the expression of a normally
dormant gene in a differentiated tissue that has the capability of synthe-
sizing RNA of a very large number of types.

Proposed Course of Research : Having established conditions for transcription
by chromatin that minor the situation that occurs in vivo , we will attempt to

deduce what chromatin structures or proteins are responsible for specific
transcription. We will do this by manipulating chromatin from nuclei liver
of estrogen-treated roosters to try to reduce the levels of specific vitello-
genin RNA synthesis. In addition, we have been involved in experiments de-

signed to prepare nuclear lysates containing DNA-dependent RNA polymerase
from livers of normal and estrogen-treated roosters (See NCI ZOl CB 5247-02

LB) and we will use these extracts to try to induce specific transcription
of the vitellogenin gene in chromatin from livers of normal roosters.

Publications :

Mullinix, K.P., Meyers, M. , Christmann, J.L. Deeley, R.G., Gordon, J. I., and

Goldberger, R.F.: Specific transcription in chicken liver cnromatin by endo-

genous RNA polymerase II: Comparison of an estrogen- indue ible gene with a

constitutively expressed gene. J. Biol. Chem. in press., 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

Sequences homologous to the highly repeated a -component DMA of the African
green monkey occur interspersed among less highly reiterated monkey DNA
sequences as well as in the long tandem repeats that were previously
characterized. Homologous sequences also exist in the highly repeated
DNA of the baboon where the repeat length of the ct -component monomer (172
base pairs) is highly conserved but the organization of the sequences
differs markedly. The segments that are highly homologous to ot -component
alternate, in the baboon genome, with another DNA segment of approximately
the same length, that is also related to ct-component in sequence. Homologous
sequences also exist, albeit in very low copy number, in the mouse genome.
Monomeric and dimeric units of the tandem repeats of ct-conponent from the

African green monkey have been cloned in _E. coli. In order to have a reliable
and sensitive method for screening colonies of E. coli Xi77& for foreign DNA

fragments, a modification of published procedures, using lysozyme and triton,

! was devised.

I
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Project Description:

Objectives

To elucidate further the detailed structure and organization of the
highly repeated set of DNA sequences in the genome of the African green
monkey ( Cercopithecus aethiops ) . This set of sequences is referred to as
the a-component and represents approximately 20 percent of the genome.
The several million copies of the 172 base pair long sequence that occur
in the monkey genome constitute a set of segments of very similar primary
structure. Our goal is to learn something about the number of different
members of the set, the relative frequency of different members, the arrange-
ment of the different members of the set, relative to one another, and to

other DNA sequences within the genome, and the way in which these sequences
are packaged into chromatin structure. We are also interested in investi-
gating the occurrence of related or similar sequences in other old world
primates, as well as other mammals.

Methods Employed

DNA is isolated from fresh frozen tissue and from cells grown in tissue
culture and purified by standard procedures. Structural analysis includes
the use of a variety of enzymes, including restriction endonucleases , direct
DNA sequencing methods (chemical procedure of Maxam and Gilbert), radioiso-
tope tracers, gel electrophoresis, and centrifugation. A variety of nucleic
acid hybridization techniques, both in solution and on nitrocellulose are
used. DNA fragments are purified and amplified by molecular cloning in an
_E. coli K12 host-vector system. All recombinant DNA experiments are carried
out under conditions required by the NIH Guidelines for Recombinant DNA Re-
search as specified in Intramural Memoranda of Understanding approved by the

NIH Biosafety Committee.

Major Findings

Last year we reported the results of studies on the organization of ct-

component in monkey chromatin. One of the results reported is erroneous.
More careful investigation has now indicated that nucleosomes containing
ct-component sequences are not distinguishable from bulk chromatin either
by digestion with DNase I or by digestion with Staphylococcus aureus nuc-
lease.

Earlier work had indicated that many of the copies of the a-component
monomer unit (172 base pairs in length) are present in long tandem repeats
within the monkey genome. We have now found that sequences homologous to

ci-component are also interspersed with unrelated sequences in the genome.
Making certain assumptions, we have calculated that roughly 16% of the ct-

component sequences are interspersed with another 37% of the total genome
at intervals of 2200 base pairs. Certain quantitative parameters describing
the African green monkey genome have now been determined by hybridization
kinetics. Two independent nieasurements give values of 3.3 and 6.1 x 10
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base pairs, per haploid genome, respectively. The discrepancy may well be
within experimental error or may be related to inherent differences in the
two approaches used.

The DNA of the baboon contains sequences homologous to the a-component
sequences of the African green monkey as do a number of other old world
primates. Other workers initially detected this homology by hybridization
experiments. The studies were then extended in our laboratory. While the
a-component sequences comprise about 20% of the total DNA in the African
green monkey, homologous sequences, as detected by relatively stringent
hybridization conditions, comprise about 6% of the baboon genome. Treatment
of total baboon DNA with restriction endonuclease Hind III yields a majority
of the sequences homologous to a-component in a collection of fragments
indistinguishable in size from the a-component monomer units (which are also
obtained by Hind III digestion). However, while these units are in long
tandem arrays in the monkey genome, in the baboon genome they alternate with
another DNA segment of essentially identical length that is related to the
a-component sequence but not sufficiently identical to hybridize under strin-
gent conditions. Thus it appears that both the repeat length of the monomer
units and the sequences themselves are highly conserved in these two related
species, while the organization of the sequences is markedly different. Fur-

thermore, the data suggest that the mechanisms of sequence amplification and
divergence (that lead to the different organizations within the two species)
yield, overall, nonrandom divergence.

Highly repeated sequences are, in general, characteristic of one or a

few related species. Thus, while there is evidence that sequences related
or identical to a-component may also be highly repeated in closely related
species, the highly repeated sequences in other mammals are very different.
How then do highly repeated sequences arise? Are the same sequences present
in low reiteration frequency in other mammals, or do they arise de novo ? We
have tested for the presence of sequences homologous to a-component in the

genome of the mouse. Preliminary hybridization kinetic experiments suggest
that homologous sequences do exist and are present approximately 10 times in
the mouse genome.

As a first step in a long range analysis of the detailed structure and
organization of the a-component sequences we have prepared clones of E. coli
K12 containing recombinant plasmids constructed from _E. coli plasmid pBR322
and single members of the set of a-component monomer. We have also prepared
similar clones containing a-component dimers that lack the customary res-
triction endonuclease Hind III site. The recombinant plasmid DNAs isolated
from these E_. coli clones have been characterized by restriction endonuc-
lease analysis. Primary nucleotide sequence determination of the cloned a-

component portions has begun. The data at hand already confirm our earlier
conclusion that the a-component monomers comprise a set of closely related
but not identical DNA segments.

In the course of these cloning experiments an improved procedure for
screening bacterial colonies for the presence of foreign sequences was
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devised. Previously published procedures proved unreliable with E. coli
strain X1776, a strain required to meet the containment conditions of the

NIH Guidelines for Recombinant DNA Research. The new procedure, which
makes screening by hybridization to colonies of X1776 on nitrocellulose
reliable and highly sensitive involves treatment of the nitrocellulose with
lysozyme and triton.

Significance to Cancer Research

Cancer research has suffered from the lack of basic knowledge about the
eukaryote genome at the molecular level. Methods developed during the last
few years have already demonstrated their power to deal with this vast and
important unknown. The work we are doing is part of the broad effort to

apply new approaches to the elucidation of complex genomes. With increased
understanding of DNA organization, especially in primates', existing infor-
mation and new data on neoplastic disease may become amenable to rigorous
analysis and understanding.

Future Course of the Research

1. Construction and structural analysis of cloned a-coraponent monomers,
dimers, and higher multimers will continue in an effort to build up extensive
data on these sequences.

2. Using recombinant DNA techniques we will isolate and analyze those
DNA segments that are joined to a-component sequences in the monkey genome.
Initially these experiments will be directed toward studying those copies
of ct-component that are interspersed with other sequences in the genome.
Emphasis will be put especially on those infrequent monkey sequences that
are joined to a-component sequence in defective substituted SV40 variants
(see other project from this laboratory).

3. Studies on the occurrence of sequences homologous to a-component
in the mouse genome will continue.

Publications

Singer, M.F.: Introduction and Historial Background, for Genetic Engineering,
Vol. I, Hollaender, A. and Setlow, J., eds., New York. Plenum Publishing,

pp 1-13, 1979.

Singer, D.S.: Arrangement of a highly repeated DNA sequence in the genome
and chromatin of the African green monkey. J. Biol. Chem . , in press, 1979.

Singer, D.S. and Donehower , L.: Highly repeated DNA of the baboon: Organi-
zation of sequences homologous to highly repeated DNA of the African green
monkey. _J. Mol . Biol., in press, 1979.

Thayer, R.E. : An improved method for detecting foreign DNA in piasmids of

Escherichia coli. Anal. Biochem. , in press, 1979.
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The Structural gene arrangement and transcript pattern within the Adenovirus -

2 genome has been defined for the early and late genes . Early gene products

are associated with cell transformation and are being identified and charac-

terized from a selection of virally transformed cell lines .

The proteins defined by the abundant mRNA class expressed in differentiated

chick muscle tissue culture cells have been identified. DNA cloning pro-

cedures have been used to isolate the individual genes for these proteins.

The structure and organization of these genes are under study.

The role of mRNA structure in the efficiency of translation has been under

investigation utilizing defined prokaryotic mRNAs as templates in a eukar-

yotic translational system . Structural features within the mRNA which are

important for efficient ribosome binding and translation have been defined.
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Objectives

General: Work is directed towards the elucidation of gene regulation in

eukaryotic cells.

Adenovirus -2

The DNA animal viruses provide some of the better systems for the study

of gene regulation in eukaryotic cells since the viral genome and viral gene

products are well defined and are regulated, in part, by mechanisms which
operate in the host cell. Adenovirus type-2 infected HeLa cells provide the

model system for further studies. We have defined the structural gene map
for the early and late viral functions and have correlated each viral protein

with its particular mRNA transcript. The size and position of a particular
transcript helps to define overlap arrangements once the coding information
within a particular DNA fragment of the viral genome is defined. This infor-

mation has been used to generate the transcription and processing scheme used

to regulate the expression of viral information. Work will continue to

define early gene functions involved in cellular transformation.

Myogenesis

The proteins encoded by the abundant mRNA sequences expressed in differ-
entiated chick muscle cultures have been identified. Two of the most inter-
esting genes identified are those which encode the major muscle structural
proteins, myosin and actin. Actin is of particular interest since all cells
express two different actin genes, the beta and gamma types, whereas the
alpha type is found only in muscle. It is intended to analyze the structure
and organization of this family of genes in order to discern if there are
major differences in the organization of constitutive or "housekeeping"
genes, in this case the beta and gamma actins, and differentiation specific
genes, the alpha actin gene. Genomic clones from the phage lambda library
for the chicken have been isolated which contain the various actin genes.
Once the transcriptional unit has been defined for one or more of these
cloned genes, it is intended to study the transcriptional process utilizing
in vitro and in vivo systems .

mRNA Structure vs Translational Efficiency

We have demonstrated that the efficient translation of prokaryotic
mRNAs in a eukaryotic cell free system is dependent upon specific struc-
tural features of the mRNA: addition of a 7 methyl G moiety to the 5' end
of a prokaryotic mRNA molecule results in the efficient translation of the
5' proximal cistron, equivalent to a eukaryotic mRNA molecule of similar
complexity when compared on a molar basis. Furthermore, both eukaryotic
and prokaryotic ribosomes recognize the same ribosome binding site(s) on
the prokaryotic mRNA, suggesting some essential feature in secondary struc-
ture of the mRNA has been highly conserved to facilitate this process. We
intend to compare mRNA structural features that are uniquely recognized by
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either prokaryotic or eukaryotic translational systems and those recognized
by both systems. Using phage lambda as a source of mRNA transcripts, defined
mRNAs can be produced with a variety of different structural features to

facilitate this study.

Methods

The aforementioned objectives involve the use of cloning technology,
standard RNA and DNA isolation procedures, preparative isolation of various
restriction fragments of DNA, structural gene mapping by hybrid arrested
cell-free translation, mRNA selection techniques using DNA bound to cellu-
lose, isolation of R-looped mRNAs on agarose columns. Southern blots of 32-P
labeled selected mRNA to various restriction fragments of DNA, sizing of
mRNAs on methylmercury agarose gels, cell-free translation of the sized or
selected mRNAs in message dependent rabbit reticulocyte lysates or wheat
germ extracts, S-1 mapping of the sized mRNAs.

Major Findings

Adenovirus-2

We have been able to define the structural gene and mature mRNA tran-
script maps for the late and early adenovirus proteins. This information
reveals regions of mRNA overlap and defines those regions of mRNA which
encode structural information. This has been related to RNA processing and
splicing patterns observed by electron microscopy.

Myogenesis

Double-stranded cDNAs representing the first two mRNA abundance classes
expressed in differentiated chick muscle have been cloned by the GC tailing
procedure into the plasmid vector PBR322. The inserts range in size from
350-1200 base pairs. A bank of 650 of these clones has been isolated for

further analysis. The phage lambda genomic library for the chicken has been
screened with probes which represent these abundant mRNA sequences and sev-
eral clones have been isolated for identification and structural character-
ization.

mRNA Structure vs Translational Efficiency

With regard to studies on mRNA structure, addition of a cap structure,
or 7-methyl G moiety, to the 5' end of a prokaryotic mRNA enables eukaryotic
protein translational systems to synthesize specific prokaryotic proteins as

efficiently as eukaryotic proteins. Studies on ribosome binding sites demon-
strate that both prokaryotic and eukaryotic ribosomes recognize the same
ribosome binding sites on prokaryotic mRNAs; thus the cap structure seems to

be the major structural difference between prokaryotic and eukaryotic mRNAs.
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Projected

Adenovirus -2

We will continue our approach in the analysis of viral gene regulation.
We will then look at primary transcription and study initiation and proces-
sing in detail now that we have defined the mature mRNA transcription map.

Early viral functions present a complex picture at the present time but we

intend to analyze this aspect of viral infection in detail since the trans-
formation functions of the virus are early events in infection. We intend
to look at mutants of adenovirus as possible vectors to screen for eukary-
otic promoters in various cloned DNA fragments.

Myogenesis

It is intended to define the structure and organization of the actin
gene family. Once the actin genes are so characterized it is intended to

screen for promoter regions within these genomic clones.

mRNA Structure vs Translational Efficiency

Studies on mRNA structure will continue. We intend to analyze the role
of the cap structure in translation by generating mRNA transcripts with
varying nucleotide tracts between the cap and the initiation codon. This
will give information on position and intervening sequence effects in rela-
tion to template efficiency. This will be used to define and analyze a variety
of prokaryotic regulatory proteins that have not been approachable in standard
prokaryotic translational systems. These modified prokaryotic mRNAs will be
used to determine those factors which limit the expression of eukaryotic mRNAs
in prokaryotic systems.

Publications

Paterson, B. M. and Rosenberg, M. Efficient Translation of Prokaryotic mRNAs
in a Eukaryotic Cell-free System Requires Addition of a Cap Structure.
Nature , 279: 692-696, 1979.

Rosenberg, M. and Paterson, B. M. Efficient Cap-dependent Translation of
Polycistronic Prokaryotic mRNAs Is Restricted to the First Gene in the
Operon. Nature, 279: 696-701, 1979.
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Project DescripCion:

Objectives: The goal of our research is to contribute to an understanding of
the ways in which the genes o f an organism are arranged and of the molecular
mechanisms involved in the expression of genetic information. The yeast
Saccharomyces cerevisiae was chosen as a model system for this project because
extensive genetic studies have been carried out with yeast and because yeast
has a relatively small genome. While yeast is a relatively simple eukaryotic
organism, it has many molecular biological properties similar to those of
higher organisms and not found in prokaryotes. Thus, yeast provides a rela-
tively simple system for studying eukaryotic gene organization and expression
at the molecular level.

Methods Employed: Recombinant DNA techniques are being used to clone individ-
ual yeast genes or groups of genes. The structure of these genes are then de-
termined by restriction enzyme mapping, DNA sequence analysis and RNA mapping
using hybridization and electron microscopy. Fully characterized clones are
employed as probes to study in vivo gene expression and as templates for in

vitro experiments to reproduce in vivo results. Transcription products are

analyzed by RNA sequence analysis, gel electrophoresis, hybridization and RNA
mapping techniques.

Major Findings :

1. Bacteriophage X carrying the region coding for the ribosomal RNAs of
yeast have been employed in a study of the expression of yeast genes in

bacteria at the level of RNA synthesis. Hybridization assays show that yeast
rDNA is transcribed in Escherichia coli, even in the absence of phage RNA
synthesis. In addition, the transcription occurs on only one strand of the

DNA, the same strand from which yeast rRNA is transcribed. Thus, the tran-
scription of yeast rDNA in E. coli is initiated in the yeast DNA and shows
some specificity. However, attempts to detect unique yeast transcripts in

E. coli by preparative hybridization to cloned yeast rDNA followed by gel

electrophoresis have been unsuccessful. For this reason, electron microscopic
mapping techniques were used to localize the RNA made in E. coli on the yeast
rDNA. The mapping data suggested that there are at least two specific sites
of initiation of transcription for the E. coli RNA polymerase on the yeast
rDNA. The size heterogeneity of the RNA seen on gels apparently arose from

heterogeneity in the 3' ends of the RNAs due to random degradation or tran-
scription termination.

2. In order to examine other yeast genes, a "library" of random fragments
of yeast DNA recombined into bacteriophage X was constructed. This library
was then screened with messenger RNA from yeast cells gro'vn in media with
either high or low phosphate concentration. Several clones which contain
sequences homologous only to RNA from the phosphate deprived yeast were
obtained. These clones most likely contain the genes involved in expression
of phosphatases which are produced during gro^^rt:h in low-phosphate medium.
They may represent the structural genes for the phosphatases as well as the

genes for several regulatory factors required for de-repression.
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Significance to Cancer Research: An understanding of the molecular mech-
anisms involved in gene expression will be necessary to understand the

processes by which a cell loses its genetic regulation and becomes
cancerous. This project is designed to determine some of the normal
mechanisms of gene expression and regulation as a basis for identifying
the changes which have occurred at the molecular level in malignant cells.
Knowledge of these changes should provide valuable information in the

development of cancer prevention and treatment programs.

Proposed Coarse of Research:

1. Further studies of the expression of yeast rDNA in E. coli will be

carried out in parallel with a detailed examination of rRNA synthesis in

yeast. This will provide information about nucleic acid recognition sites

for initiation and termination of transcription as well as RNA processing
and about the conservation or divergence of these sites during evolution.

2. Fragments of yeast DNA will be inserted into a bacterial plasmid carry-
ing the E. coli galactose genes, and the resulting plasmids will be examined
for the expression of these genes in E. coli using transcription initiation
sites in the yeast DNA. These plasmids will then be inserted into yeast cells
to determine if the same initiation sites are used. The use of this system
will provide a relatively simple and efficient method for examining tran-
scription.

3. The bacteriophage clones carrying genes induced in low phosphate will be

further characterized to identify the genes. The clones will then be used as

probes to study in vivo transcription under high and low phosphate concentra-
tion. These experiments will provide information about the regulatory mech-
anisms involved in the adaptation of the yeast cells to the low-phosphate
medium.

4. The differential screening technique used to isolate genes induced by

low phosphate will be used to clone genes expressed under other metabolic
conditions. The regulatory mechanisms of these genes will then be examined
in a manner similar to those employed for the phosphatase genes.

Publications

:

R. A. Kramer and J. Smallwood (1978). Detection of yeast ribosomal RNA

sequences in E. coli infected with hybrid bacteriophage. Nucleic Acids
Res. 5, 4725-473'6:
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We have developed a procedure for isolating DNA-dependent RNA polymerase from
rooster liver nuclei that involves treatment of nuclei with pancreatic DNAse I

to partially solubilize chromatin . The enzyme thus obtained is completely de-
pendent on the addition of eicogenous DNA for activity. We have developed a

technique for identifying RNA poljirnerase II in nuclear lysates by binding %-
a-amanitin to the polymerase and subsequently subjecting the proteins to elec-
trophoresis in polyacrylamide gels under non-denaturing conditions. By this
method we have identified two a-amanitin binding proteins, tentatively identi-
fied as two forms of RNA polymerase II .
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Project Description:

Objectives: Our group has been involved in studies aimed at the in vitro
reconstitut ion of a eukaryotic transcription system utilizing RNA polymerase
II, the enzyme responsible for mRNA synthesis. To this end, we are conduct-
ing several studies into the structure of the RNA polymerase II molecule as

well as an investigation into the mechanisms involved in the initiation of
transcription.

Methods Employed: The RNA pol3rmerase is isolated from avian liver, an organ
which is rich in RNA poljmierase II, by a technique we have developed to in-

sure gentle conditions for release of the enzyme from the chromatin. The

technique involves the incubation of a nuclear lysate with DNase I coupled
to Sepharose 4B. Presumably, the DNase I digests transcriptionally active
regions of the chromatin, liberating the RNA polymerase, while coupling the
DNase to an insoluble support, such as Sepharose 4B, allows a quick and ef-
ficient removal of the DNase following the digestion. The resulting RNA
polyroerase II activity is 2-3 fold more active than similar preparations
isolated by more conventional methods.

Studies aimed at the regulation of transcription initiation involve
standard techniques of hybridizing radioactive transcripts synthesized in

vitro to restriction fragments of SV40 DNA which have been blotted to nitro-
cellulose filters by the technique devised by Southern and co-workers. In

this fashion, we can locate the point at which the initiation of transcrip-
tion takes place on the SV40 DNA template.

Major Findings : After isolation of the RNA polymerase II from liver nuclei
using the DNase I-Sepharose method, we find that the enzyme preparation is

more active transcriptionally and it contains more RNA polymerase II mole-
cules as seen by -^H-amanitin binding when compared with a similar prepara-
tion obtained by more conventional methods. We have also followed the RNA
polymerase II content in avian liver by titration with -Tl-amanitin and com-
pared the amounts before and after stimulation with and during withdrawal
from estrogen. The results indicate that the actual RNA polymerase II con-
tent, as well as the RNA polymerase II activity, doubles during estrogen
stimulation and returns to normal during withdrawal. The mechanisms in-

volved in this type of regulation are as yet not understood.

We have utilized the ability of RNA polymerase II to form a stable
complex with ^H-amanitin to locate the RNA polymerase II on acrylamide gels
following electrophoresis under non-denaturing conditions. This capability
allows us to detect the bands containing RNA polymerase II in even the most
unpurified preparations. Using this technique, we find two bands of amanitin
binding activity corresponding to molecular weights of 640,000 and 550,000
respectively. We are currently developing techniques whereby the RNA poly-
merase II bands are excised from the gel, denatured and re-electrophoresed
under denaturing conditions. This permits the examination of the subunit
composition of the polymerase prior to purification steps which may result
in loss of weakly-bound subunits

.
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In studies directed towards obtaining transcriptional specificity, we

have chosen to avoid the drastic manipulations required for complete purifi-
cation of the enzyme because we believe that this would inevitably result in

loss of transcriptional fidelity. When an unpurified preparation of RNA
polymerase II is used to transcribe superhelical SV40 DNA, the results in-
dicate that the preparation has the ability to transcribe asjrmetrically the
proper strands of both the early and late regions of the genome. Since
initial purification steps result in the loss of this specificity, we believe
that components of the unpurified nuclear fraction are necessary co factors
for RNA polymerase II specificity. Current studies involve an attempt to

localize the region of transcription initiation and an isolation of the co-
factor(s) necessary for these critical events.

Significance to Cancer Research : We are primarily interested in studying
the control of gene expression, an aspect of gene expression that is of
primary importance in cancer, a decrease in which regulatory processes
become aberrant. By constructing an in vitro transcription system whereby
we can study specific gene expression, we can elucidate some of the com-
ponents necessary for correct regulation of transcription. Recent evidence
suggesting that primary transcription products are large molecules requiring
many "processing" steps support our earlier judgement that SV40 is an ideal
model system in which to study RNA synthesis since it is one of the few DNA
molecules whose in vivo gene products have been analyzed in sufficient de-
tail that we can predict the structures of correct RNA molecules synthesized
in vitro.

Proposed Course of Research : We intend to pursue our studies of the tran-
scription of SV40 DNA by rooster liver DNA-dependent RNA polymerase II.

Specifically, we have developed a method of liquid hybridization of RNA
synthesized in vitro to various SV40 restriction fragments in order to more
precisely measure the locations of initiation of synthesis of RNA molecules
on the SV40 chromosome. It is essential to establish conditions such that
the products of in vitro transcription reactions faithfully reflect the in

vivo products

.

Publications

:

Kastern, W.H., Eldridge, I.D., and Mullinix, K.P.: Isolation and character-
ization of DNA-dependent RNA pol3Anerase II from rooster liver. Abst. Annual
Meeting of Soc. for Cell Biology , Vol. 79: 353a.

Kastern, W.H., Eldridge, J.D., and Mullinix, K.P.: DNase I digestion of
chromatin from avian liver nuclei liberates DNA-dependent RNA polymerase II:

Isolation of RNA polymerase II by the DNase I-Sepharose digestion. J . Biol .

Chem. in press, September 1979.
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The work described herein consists of the development of a rapid procedure
for the isolation, by cDNA cloning , of DNA fragments derived from mRNA
species whose concentration in the cell can be varied by the application
o f an appropriate stimulus. The procedure has been used to clone DNA frag-
ments derived from the two most dramatically estrogen inducible mRNA species
found in rooster liver. Vitellogenin mRNA is one of these species while the

other is a much smaller mRNA 825 nucleotides long that specifies an as yet
unidentified protein of 12,000 daltons.

The kinetics of accumulation of the small estrogen inducible mRNA and vitel-
logenin mRNA are very similar. Prior to administration of the hormone both
species are present in rooster liver at a level of less than one molecule
per cell. Both mRNA species accumulate and decay in concert. The small
estrogen inducible mRNA species has been purified to appro iciaately 70%
homogeneity by chromatography on diazotized cellulose to which a cloned DNA
fragment had been attached.

,
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Project Description:

Objectives: To isolate cDNA probes representative of groups of mRNA species
present in rooster liver at similar abundances and which exhibit a similar

increase in concentration following treatment with estrogen. These cDNA
probes will be used for screening purposes during the cloning of various

estrogen responsive genes.

Methods Employed: Total RNA has been extracted using guanidine'HCl from the

livers of roosters before, during and after treatment with 17S-estradiol

.

Complementary DNA has been synthesized from the poly(A)-containing RNA present

in these preparations with avian myeloblastosis virus reverse transcriptase.
Such preparations of cDNA have been hybridized to their template RNA under

conditions of RNA excess. The kinetics of these reactions have been analyzed

to derive information concerning the number of different mRNA sequences in the

total population and their relative concentrations. These analyses have been

extended by fractionating the cDNA preparations to obtain cDNA probes specific

for particular abundance classes of mRNA. This has been achieved by carrying

out preparative scale RNA excess hybridization reactions to R^t values that

have been previously determined from analytical studies. Those cDNA sequences

that were driven into hybrid at a particular R t value have been isolated by

SI nuclease digestion or, in those instances when the unreacted cDNA popula-

tion has been required, by chromatography on hydroxyapatite . These fraction-

ated cDNA probes have been hybridized, both to their template RNA and to RNA

isolated from the liver in a different state of hormonal responsiveness. A

cDNA probe derived from the abundant class RNA present in the liver at the

height of the vitellogenic response has been hybridized to RNA from the liver

of an untreated rooster so that only those sequences which have been induced

at least 100-fold by estrogen would remain unhybridized and these sequences

have been isolated by hydroxyapatite chromatography. The kinetics of hybrid-

ization of this "estrogen-inducible" cDNA probe to liver RNA of both estrogen-

treated and normal roosters have been examined. The number of different mRNA

species represented in this cDNA fraction was determined by hybridizing the

cDNA to a diazotized-cellulose blot of total RNA prepared from the livers of

hens and normal, or estrogen-treated, roosters.

A small cDNA clone library was constructed from total RNA, isolated from

the liver of an estrogen-treated rooster, using the "G-C" tailing procedure

in combination with the plasmid PBR3233 and the EK-2 host, E. coli x^776.
The cloning was carried out under P3 physical containment conditions.

Cloned DNA fragments derived from estrogen inducible mRNA species have

been coupled to diazotized-cellulose and used to purify individual mRNA

species. These RNA preparations have been characterized by translation in a

wheat-germ cell- free system and by cDNA complexity analysis.

iMajor Findings: Homologous, RNA excess, cDNA complexity analyses have indi-

cated that approximately 14,000 different species of mRNA are present in

rooster liver both before and after treatment with 176-estradiol . It has

been determined from heterologous complexity analyses, between liver RNA fr
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an estrogen-treated rooster and cDNA obtained from the liver RNA of a normal

rooster, that essentially all those mRNA species present before treatment
with the hormone can be found following hormonal stimulation, and that they
remain in approximately the same proportions. Similar experiments using
liver RNA from normal roosters and fractionated cDNA prepared from liver RNA
obtained from estrogen-treated birds have demonstrated that treatment with
estrogen appears to result in the extensive accumulation of a few mRNA species
that can be found in the "abundant" and "intermediate" classes of mRNA. No

significant changes have been found in the RNA population of the "complex"
class which contains 95% of the different mRNA species of the liver. A cDNA
probe has been prepared that is specific for the most abundant of the estrogen-
inducible sequences. This probe has completely reacted with its template RNA
by a Rot value of 10 mol.s.l"-'-, while it has only reacted to the extent of
10% with the liver RNA of a normal rooster by a RqC value of 1000 mol.s.l" .

Thus, a cDNA probe has been isolated for a group of mRNA species the concen-
tration of which is increased approximately 1000-fold following the adminis-
tration of estrogen. This cDNA probe was hybridized to a diazo tized-cellulose
blot of total RNA from the livers of hens and normal, or estrogen-treated,
roosters. The probe showed no reaction with RNA from the livers of normal
roosters but hybridized strongly with two RNA species present in RNA from
the livers of both hens and estrogen-treated roosters. One of these RNA
species was vitellogenin mRNA while the other was a much smaller species
approximately 800 nucleotides long.

A dscDNA clone library of approximately 120 clones was constructed from
total RNA isolated from the liver of an estrogen-treated rooster. The library
was screened with both j2p_]_35e]_e(j vitellogenin mRNA and with a cDNA probe
isolated as described above. Five of the clones reacted with labeled vitello-
genin mRNA. These five also reacted with the fractionaed cDNA, however, this

probe reacted with ten additional clones. DNA was prepared from four of the

most strongly reacting non-vitellogenin clones and shown to react specifically
with the small estrogen-indue ible mRNA species. DNA from one of these clones
has been coupled to diazotized cellulose and used to purify this RNA species.
The RNA preparations obtained are approximately 65% pure, judged by cDNA com-
plexity analysis and by translation in a wheat-germ cell-free system. The

RNA specifies a protein of approximately 12000 daltons, thus more than 50%

of the RNA sequence appears to be untranslated.

DNA from a plasmid containing a cDNA fragment derived from this mRNA has

been converted into a radioactive single-stranded hybridization probe as de-
scribed in project ZOl CB 5238-10 LB. Using this probe it has been demon-
strated that this mRNA species, like vitellogenin mRNA is not detectable in

the livers of normal roosters. Its kinetics of accumulation and disappear-
ance following administration of estrogen are strikingly similar to those of
vitellogenin mRNA. They differ only in that the initial molar rate of accu-
mulation of the small mRNA is approximately twice that of vitellogenin mRNA
and in that the small mRNA persists in the liver, at a level of about 10-20

molecules per cell, after the vitellogenic response has disappeared.
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Significance to Cancer Research:

It can be assumed that at least some forms of cancer can be attributed
to aberration in the mechanisms that control gene expression. At the present
we have little knowledge of the processes that control the expression of
specific genes and essentially none, of the mechanisms by which the expression
of groups of genes may be coordinated. In the studies described above estro-
gen is used to induce extensive accumulation of a group of mRNA species not
normally found at high concentrations in rooster liver. The cDNA probe that
has been isolated has allowed the cloning of two members of this estrogen
responsive group of genes. This approach thus provide a means of studying
the regulation, both of the individual members and also of the group as a

whole

.

Proposed Course of Research : The cDNA clones obtained will be used to purify
individual mRNA species which will be used as radioactive probes to study
the organization of this group of genes in the chicken genome.

Publications :

King, C.R. , Udell, D.S., and Deeley, R.G.: Characterization of the estrogen-
responsive domain of avian liver and cloning of double-stranded cDNA derived
from estrogen-indue ible RNA species: The estrogen-responsive domain of avian
liver. J. Biol. Chem. in press, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

The work described herein consists of an examination of the effect of es-
trogen on the expression of the serum albumin gene in rooster liver. It has been
demonstrated that the relative concentration of serum albumin mRNA in the liver
decreases by approximately 50% following treatment with hormone. This decrease,
however, does not stem from reduced expression of the gene but results from di-
lution of albumin mRNA with other stable and abundant mRNA species that increase
markedly in concentration following the administration of estradiol.

Albumin mRNA has been purified from rooster liver RNA to approximately 70%
homogeneity by chromatography on diazotized cellulose to which a cloned albumin
cDNA fra.gment had been attached.

A procedure is being developed for specifically labeling the 5' terminus of
any capped eukaryotic mRNA . It involves chemical removal of the cap structure
followed by the reintroduc t ion 32p labeled C-MP using the enzyme guanylyl trans-
ferase. RNA species labeled in this fashion will be used to select cloned
genomic DNA fragments that contain the tr^inscript ional initiation sites of

several genes that are expressed at hish levels m chicken liver.
IM
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Project Description:

Objectives: 1) To establish whether or not expression of the serum albumin

gene in rooster liver is influenced by the administration of estrogen.

2) To develop procedures for the purification of albumin mRNA using a

cloned albumin cDNA fragment coupled to cellulose as a specific hybridi-

zation matrix and for producing hybridization probes corresponding to the 5'

ends of various mRNA species.

Methods Employed : Double-stranded DNA has been sjmthesized from the partial-

ly purified albumin mRNA preparation and inserted into the plasmid PBR322,

using a homodeoxypolymer-tail ing procedure. Such chimeric plasraids have

been used to transform the approved EK2 vector Xlll^ under P3 physical con-

tainment conditions. The entire population of clones has been screened

with a cDNA probe specific for the most abundant species of mRNA. Thirty

clones have been identified. The first of the clones to be examined has

been shown to contain an albumin DNA sequence by the ability of plasmid DNA

isolated from the clone to specifically block the translation of albumin

mRNA in a wheat germ cell-free translation system.

DNA prepared from a chimeric plasmid containing dscDNA derived from

albumin mRNA was converted into a radioactive single-stranded hybridization

probe as described in project ZOl CB 5238-10. The level of albumin mRNA in

total RNA isolated from rooster liver at various times after the administra-

tion of estrogen, was estimated by RNA excess hybridization.

DNA from the same chimeric plasmid has been covalently linked to diazot-

ized-cellulose and has been used as a specific hybridization matrix to purify

albumin mRNA from total polyadenylated RNA prepared from rooster liver.

A procedure is being developed for the introduction of a radioactive

nucleotide specifically at the 5' end of an mRNA species. It involves the

chemical decapping of an RNA preparation with periodate, followed by the

coupling of 32p-iabeled GMP to the 5' pyrophosphate group.

Major Findings: The level of albumin mRNA in rooster liver was determined at

various times, after the injection of estrogen. It was found that the level

of albumin mRNA decreased from approximately 15% of the polyadenylated RNA

in the liver, to approximately 10%. These results, obtained by hybridization

analyses, are in general agreement with those obtained previously by trans-

lation of albumin mRNA in a cell-free protein synthesizing system. Though

the relative concentration of albumin mRNA does decrease following adminis-

tration of estrogen, the absolute amount of albumin mRNA per nuclear equiva-

lent of DNA remains relatively constant throughout the hormonal response.

The decrease in its relative concentration results from dilution by other

abundant species of mRNA that are induced by the hormone. As the production

of these estrogen-inducible species ceases the relative concentration of

albumin mRNA is restored its former level.
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DNA prepared from a chimeric plasmid containing a dscDNA fragment de-
rived from albumin mRNA was coupled to diazotized cellulose in a sLngle-
stranded form. Rooster liver RNA that had been enriched approximately 10-

fold in polyadenylated RNA by passage over oligo dT cellulose was allowed to

hybridize to the albumin cDNA-cellulose under stringent conditions. RNA
bound non-spec ifically to the cellulose was removed by several washes with
buffers containing up to 80% formamide. Specifically bound RNA was removed
with 99% formamide. These RNA preparations were examined by electrophoresis
on agarose gels containing methylmercury hydroxied as a denaturant. A single
mRNA band was visible as well as some residual contamination with 18S rRNA.
The purity of the RNA preparation was also examined by cDNA complexity anal-
ysis and by translation in rabbit reticulocyte cell-free system. Both meth-
ods of analysis indicated that the preparation was approximately 70% pure.

It has been possible to chemically remove the cap structure from pre-
parations of mRNA and to introduce a -^^P-labeled GMP residue specifically at

the 5' terminus with the enzyme guanylyl transferase. The efficiency of
this reaction is approximately 50%. Since this enzyme requires a pyrophos-
phate group as an acceptor for the GMP residue, a radioactive label will not

be introduced at internal cleavage sites. Furthermore, the cap structure
is resistant to alkaline hydrolysis so that it should be possible to generate
hybridization probes specific for the 5' end of an RNA species by controlled
alkaline digestion.

Significance to Cancer Research: It can be assumed that at least some forms
of cancer can be attributed to aberrations in the mechanisms that control gene
expression. At present we have minimal knowledge of the processes that con-
trol the expression of genes at the transcriptional or the translational level
in either the normal or cancerous cell. One possible way to study these pro-
cesses is to examine biochemically the ways in which certain agents can affect
specific gene expression. A possible system for these studies is the induction
of albumin synthesis in cells of nonhepatic origin by the formation of somatic
cell hybrids with various hepatomas. In the studies described above DNA frag-
ments of the albumin gene have been isolated that may be used as specific
probes in such systems. Albumin DNA probes may also be used to monitor the

persistence of a specific differentiated cell function during transformation.

Proposed Course of Research: Purified albumin mRNA will be used as a probe
to investigate the organization of the albumin gene in the chicken genome.
Fragments of genomic DNA containing albumin gene sequences plus flanking se-
quences will be cloned in an approved bacteriophage vector. Such clones will
be used either as probes or substrates for in vitro transcription systems
using partially purified preparations of chicken RNA polymerase II.

Publications

:

Gordon, J. I., Burns, A.T.H., Christmann, J.L., and Deeley, R.G.: Cloning of
a double-stranded cDNA that codes for a portion of chicken preproalbumin : A
general method for isolating a specific DNA sequence from partially purified
mRNA. J. Biol. Chem. 253: 8629-8639, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)

The detailed structure of the tandemly repeated ribosomal genes in

Drosophila melanogaster has been established. This project has

focused primarily on the transcription of the ribosomal genes. Our

particular interest was to find out whether the insertion sequences
,

present in about half of the ribosomal genes, were transcribed in vivo .
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Project Description:

Objectives

It was found very recently in a number of viral and eukaryotic genes
that the coding sequences were interrupted by other sequences, called inser-
tions or intervening sequences. In some cases it was demonstrated that an
RNA molecule was transcribed that contained the insertion sequences, which
were later removed by a splicing mechanism. In Drosophila melanogaster

,

some of the ribosomal genes (rDNA) have insertions, while some are uninter-
rupted. We want to know if the genes with insertions are transcribed, and
if so, by what mechanism. If, on the other hand, genes with insertions are
not transcribed, we want to find out what control mechanism prevents their
expression.

Methods Employed

we have developed procedures which allow us to prepare nearly intact
RNA from any developmental stage of _D. melanogaster . RNA molecules have
been fractionated according to their size by agarose gel electrophoresis,
transferred to diazobenzyloxymethyl-paper (DBM-paper) , to which they become
covalently bound, and hybridized with P-labeled DNA fragments derived from
cloned rDNA _D. melanogaster . This technique allows detection with great
sensitivity of RNA molecules containing specific sequences and at the same
time allows determination of the size of the RNA molecule. Quantitation of

RNA molecules was performed by analyzing the kinetics of liquid hybridization
of excess unlabeled RNA to a DNA probe labeled to a high specific activity
with P. The presence of two different sets of sequences within RNA mole-
cules was demonstrated using the sandwich-hybridization technique.

The results described below were obtained thanks to the availability of

rDNA sequences that had been cloned in E. coli by recombinant DNA techniques.
DNA fragments generated by restriction enzymes from pure insertion sequences
were also cloned in _E. coli.

Major Findings

Nuclear RNA from _D. melanogaster embryos was transferred to DBM paper
and hybridized with cloned insertion sequences. With a DNA fragment derived
specifically from large insertions, transcripts were detected between 5 and
10 kllobases (kb). These insertion transcripts represent less than one RNA
molecule per nucleus, which is more than three orders of magnitude below the
concentration of nascent rElNA chains, as determined by kinetics of hybridiza-
tion. With a DNA fragment derived from the right end of large insertions
which is also complementary to short insertions, more discrete RNA bands ap-
peared with sizes between 1 kb and 8.5 kb, representling altogether about 13

RNA molecules per nucleus. Insertion transcripts large enough to be poten-
tial precursors to 28S rRNA represent less than one molecule per nucleus.
It was shown by sandwich hybridization that at least some of the insertion
transcripts are derived from rDNA. No significant difference was found be-
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tween insertion transcripts in RNA extracted from ovaries, embryos, larvae,

pupae or adult flies.

We conclude that, unless a mechanism other than splicing is involved,
ribosomal genes with insertions cannot contribute significantly to the syn-

thesis of 28S rRNA. This conclusion is independent of the rate of splicing,
because transcription must proceed across the entire insertion before splic-
ing can take place.

A cytoplasmic RNA molecule, slightly less than 1 kb long, was found

that is complementary to a short insertion and to ribosomal gene sequences

flanking both sides of the insertion. The abundance of this short unspliced

RNA is about 50 molecules per embryo cell.

Significance to Cancer Research

Elucidation of the mechanisms that regulate eukaryotic gene expression
is a prerequisite in understanding regulatory disorders (e.g. cancer). The

recent finding of insertions within eukaryotic genes has shaken existing
models of gene regulation and triggered new experimental approaches.

Proposed Course of Research

This research will continue in two major directions. The first will be

to analyze transcription of ribosomal genes in bobbed mutants of D^. melano-
gaster , that is, mutants which suffer from deletions of some of the ribosomal
genes. Such mutant flies are under pressure to use all the rDNA they have.

It will be interesting to find out whether ribosomal genes with insertions
are turned on in such mutants. The second will be to determine nucleotide
sequences in crucial regions of the ribosomal genes. The junctions between
gene and insertion will be sequenced to compare with sequences in other in-

terrupted genes. The nucleotide sequences in the region coding for the 5'

end of the rRNA precursor molecule will be determined in an attempt to define

regulatory sequences.

Publication

Long, E.O. and Dawid , 1.3. : Transcription of Drosophila melanogaster
ribosomal genes: are the insertions transcribed? In "Eukaryotic Gene

Regulation", ICN-UCLA Symposium (T. Maniatis, R. Axel, eds.), in press,

1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

This project concerns certain aspects of genome organization in Drosophila
melanogaster . A group of repeated sequences has been analyzed which are
homologous to the ribosomal insertion , i.e. the region of DNA which inter-
rupts about half of all ribosomal genes that are located on the X chromosome
of Drosophila . Such sequences have been found earlier and are located pri-
marily in the chromocenter of salivary gland chromosomes. A collection of
DNA molecules containing sequences homologous to the insertion has been
isolated by molecular cloning . Several of these clones were analyzed. The
insertion-homologous sequence is interspersed with other regions called
flanking sequences . Five different flanking sequences were studied, showing
that they are representatives of moderately repetitive sequences

.
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Project Description:

Objectives

Certain aspects of genome organization in Drosophila melanogaster are
being studied to investigate how the arrangement of sequences relate to

gene expression. _D. melanogaster is an excellent model system for studies
of this kind because of its relatively small genome, the extensive informa-
tion available on its genetics and development, and the possibility to

correlate biochemical, genetic and cytogenetic observations.

Methods Employed

Ribosomal DNA, the DNA coding for rRNA, consists of many repeated ele-
ments in all organisms studied. In D^. melanogaster the gene region coding
for the larger rRNA molecule, the 28S RNA region, is interrupted in about
half the repeating units by a non-coding segment called the ribosomal inser-
tion. We have found previously that DNA segments homologous to ribosomal
insertions also occur in locations remote from the ribosomal gene cluster.
To study the distribution and properties of these insertion-like regions
we have isolated a number of such molecules as recombinant clones. Randomly
sheared Drosophila DNA was inserted with the aid of poly(dA) :poly(dT) tails
into the plasmid vector pMB9 . The recombinant plasmids were screened with
ribosomal insertion DNA and about 50 clones containing homologous sequences
were isolated. The DNA from these plasmids was analyzed by digestion with
several restriction endonucleases . In particular we searched for restric-
tion fragments that did not contain insertion-homologous sequences and which
therefore represent DNA which flanks the insertion-like elements. Several
recombinant plasmids with contain insertion-like sequences and flanking
sequences were isolated and studied further.

Selected recombinant clones were analyzed by mapping the sites for

several restriction endonucleases. Flanking sequences were prepared and
their frequency in the genome was studied by reassociation kinetics using
total Drosophila DNA as driver. Heteroduplex molecules between DNA strands
containing insertion-like sequences derived from non-ribosomal regions and
ribosomal genes with insertions were analyzed in the electron microscope.
RNA copied from some DNA regions was hybridized to salivary gland chromo-
somes .

Major Findings

The majority of all insertion-like sequences outside the nucleolus
organizer region are found in the chromocenter , a heterochromatic region
where all chromosomes in the salivary gland are attached to each other
(this observation has been made by M. Lauth and P. Wellauer at Lausanne).
We have isolated 50 recombinant clones containing insertion-like DNA se-
quences. For nine of these recombinant DNAs a restriction map has been
determined. In every case the map differs from the corresponding map in

the ribosomal insertion. We know from earlier work that ribosomal inser-
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tions and insertion-like sequences in the chromocenter are very similar in
sequence since they form stable heteroduplexes . The differences in restric-
tion patterns show that they are non-identical.

Flanking sequences were prepared form five separate recombinant DNA
molecules. These are DNA regions that are next to insertion-like segments
but which themselves have no homology with ribosomal insertions. These
flanking regions are all distinct from each other. They were analyzed by
reassociation kinetics and shown to have a repetition frequency from about
50 to about 150 per haploid genome. Total Drosophila DNA was digested with
several restriction endonucleases , the fragments separated on gels and trans-
ferred to nitrocellulose filters. The filters were then hybridized with
labeled flanking regions. Numerous bands appeared in every case showing that
flanking regions are present in different arrangements in various parts of

the genome. Studies to map the chromosomal locations at which the different
flanking regions occur have recently been initiated in collaboration with
M.L. Pardue at MIT; early results suggest a wild distribution of flanking
regions.

We have tested whether flanking sequences are transcribed into RNA.
Nuclear RNA from Drosophila embryos was separated on agarose gels and trans-
ferred to activated paper. Strips cut from this paper were then hybridized
separately with four labeled flanking sequences. Three of the four DNA
probes hybridized with the RxMA but at different levels. These experiments
are still preliminary but they suggest that most flanking sequences are ex-
pressed into RNA and that such RNA has a low concentration in embryo nuclei.

From the results obtained we conclude that insertion-like sequences
occur in the chromocenter interspersed with several other types of DNA.
These flanking sequences are middle repetitive DNA, and most appear to be

expressed into RNA.

Significance to Cancer Research

Inasmuch as cancer is thought to involve a failure of basic cellular
regulatory processes we need to understand in much more detail the structural
basis and molecular mechanism of these processes. The organization and ex-
pression of the genome in animal cells is a subject of central importance in
the analysis of regulatory processes during growth, development and evolu-
tion. As mentioned above Drosophila melanogaster is a particularly suited
organism for the study of genome organization and function.

Proposed Course of Research

we shall pursue the analysis of several selected recombinant DNA mole-
cules to obtain a more complete understanding of the nature of flanking
sequences, their distribution in the genome and their transcription into
RNA. Different strains of Drosophila will be compared to determine whether
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flanking sequences may represent mobile elements within the genome. We plan
to analyze RNA transcripts derived from flanking sequences with respect to

abundance in different tissues and stages of development.

Publication

Dawid , I.E. and Long, E.O.: Ribosomal DNA and related sequences in Droso-
phila melanogaster . In Benzon Symposium 13, Munsgaard, Kopenhagen, in press,
1979.
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SUMMARY OF WORK (200 words or less - underlire keywords)

In Xenopus laevis , vitellogenin is encoded in a small family of related
genes and is synthesized in the liver under control of estrogen . Genomic
vitellogenin sequences were isolated from a permanent library of the
Xenopus laevis genome. They were characterized by analysis with restric-
tion endonucleases and heteroduplex mapping in the electron microscope.
The gene library was constructed by joining large random fragments of DNA
to the lambda vector charon 4 with help of synthetic DNA linkers. Very
high numbers of different recombinant clones could be obtained by using
the in vitro packaging procedures.

11^
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Project Description:

Objectives

Elucidate the genomic organization of the vitellogenin genes in Xenopus
laevis and study the mechanism of their hormone controlled expression.

Methods Employed

High molecular weight DNA ("^ 100 k.b) prepared from Xenopus laevis em-

bryos was subjected to non limit digestion with the restriction endonucleases
Hae III and Alu I. Resulting DNA molecules of 15-25 kb were selected by

preparative sucrose gradient centrifugation. This DNA was made insensitive

to the EcoRI endonuclease by modification of the restriction sites with the

modification enzyme EcoRI methylase. Synthetic EcoRI DNA linkers were at-

tached to the modified DNA by ligation with T^ ligase. These Xenopus DNA
molecules were linked to the right and left EcoRI arms of the X charon 4

vector. The recombinant DNA molecules were packaged in vitro into infectious

particles using partially assembled X virions. The amplification of the

recombinant phages resulted in a permanent library of the Xenopus laevis

genome. This library was screened with vitellogenin cDNA clones using the

in situ plaque hybridization technique. Different clones carrying vitello-
genin genomic sequences were purified and characterized by hybridization to

different cDNA clones, by restriction analysis and by mapping in the electron
microscope.

Major Findings

The study of the vitellogenin gene by recombinant DNA technology has

been initiated recently by cloning of double-stranded cDNA copies of the 6.3

kb vitellogenin mRNA. From the analysis of these cDNA clones by restriction
endonuclease mapping, cross hybridization, heteroduplex mapping in the elec-

tron microscope and heteroduplex melting experiments we concluded that the

cloned cDNAs fall into two main groups of sequences which differ from each

other in approximately 20% of their nucleotides. Furthermore, each main

group contains two subgroups which differ from each other by about 5% se-

quence divergence. All four sequences are expressed under estrogen control

in individual animals. These results suggested that vitellogenin is encoded

by a small family of related genes.

In a first step toward the isolation of genomic vitellogenin sequences,

we constructed a permanent gene library of Xenopus laevis . The random Xenopus

DNA fragments cloned in the X vector charon 4 have a mean length of 16 kb

,

and 9-10 x 10^ recombinant phages were obtained. A 99% complete library of

the Xenopus genome would consist of 8.85 x 10^ different recombinant phages

with a 16 kb insert. Renaturation kinetics of cloned DNA and uncloned DNA

suggest similar complexity of both DNAs . From the number of different phages

obtained and the complexity analysis we conclude that the library is effec-

tively complete.
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Using different mixed cDNA clones we screened the library and isolated
several genomic clones carrying vitellogenin sequences. By hybridization
and melting experiments we demonstrated that these clones represent sequences
we demonstrated that these clones represent sequences from three of the four
vitellogenin genes. A more detailed analysis of two of the closely related
genes of one of the main groups has been initiated. Over 50 kb of DNA were
analysed by restriction analysis and heteroduplex mapping. The results sug-
gests that we have isolated about 20-25 kb of each of the two genes repre-
senting their 3' end and their central region. Isolation of the 5' ends
is in progress. The results also confirm earlier mapping experiments with
uncloned DNA from which we concluded that the genomic vitellogenin sequences
are interrupted by large regions which do not code for the 6.3 kb mRNAs.

Significance to Cancer Research

Many fomns of cancer are probably the result of improper control of the
expression of individual genes or of the loss of correct coordinated expres-
sion of set of genes. In general, the mechanisms controling gene expression
in cancer cells as well as in normal cells are still very poorly understood.
In Xenopus laevis , the small family of vitellogenin genes which is controled
by estrogen presents an excellent experimental system to study the different
aspects of the coordinated regulation of the expression of a small set of
known genes. In Xenopus males, the vitellogenin genes are silent but can
be turned on dramatically by an injection of estrogen. Therefore, it is an
advantageous system allowing the analysis of each step leading from the re-
pressed to the fully activated state in the coordinated expression of a small
family of genes.

Proposed Course of Research

Work will continue on the complete isolation of the four vitellogenin
genes, their fine structure and their organization in the Xenopus genome.
The isolated genes will then be used in different reconstituted transcrip-
tion systems with the aim to study the individual factors controling the
expression of these genes.

Publications

Wahli, W., Ryffel, G.U., Wyler , T., Jaggi , R.B., Weber, R. and Dawid , I.B.:
Cloning and characterization of synthetic sequences from the Xenopus laevis
vitellogenin structural gene. Develop . Biol . 67: 371-383, 1978.

Wahli, W., Dawid, I.B., Wyler, T. , Jaggi, R.B., Weber, R. and Ryffel, G.U.:
Vitellogenin in Xenopus laevis is encoded in a small family of genes. Cell
16: 535-549, 1979.

116



SMITHSONIAN SCIENCE INFORMATION EXCHANGi
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB05254-01 LB

PERIOD COVERED
October 1, 1978 to September 30, 1979

TITLE OF PROJECT (80 characters or less)

Gene Expression in Xenopus laevis

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: M. B. Dworkin Staff Fellow LB NCI

Other: I. B. Dawid Chief, Developmental Biochemistry Section LB NCI

COOPERATING UNITS (if any)

None

lab/branch

Laboratory of Biochemistry

Developmental Biochemistry Section

INSTITUTE AND LOCATION

NCI, NIH, Bethesda, Maryland 20205

TOTAL MANYEARS:

I.l

PROFESSIONAL:

1.1

CHECK APPROPRIATE BOX(£S)

n (a) HUMAN SUBJECTS

n (al) MINORS n (a2) INTERVIEWS

n (b) HUMAN TISSUES a(c) NEITHER
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We have prepared a library of recombinant DNA complementary to RNA extracted

from embryos of the frog Xenopus laevis . We are using this library to probe

the developmental ontogeny of several hundred gene sequences that are expressed
during embryogenesis

.
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Project Description:

Objectives

To isolate and study the regulation of expression of a random assortment
of abundant mRNAs expressed during various stages of embryogenesis

.

Methods Employed

Double-stranded cDNA copies of total poly A+RNA from stage 10 and stage
41 embryos were prepared with RNA-dependent DNA polymerase and SI nuclease.
A 3'-0H poly(dA) "tail" of about 100 nucleotides was added to the termini of
the cDNA genes using terminal transferase, and poly(T) tails were similarly
added to Eco RI digested pBR322 plasmid. Hybrid molecules consisting of cDNA
and pBR322 were formed by annealing and were used to transfect E. coli HBIOI.

As a first step in the analysis of sequences from the library, we would
like to screen a relatively large number of clones to determine the abundance
of sequences homologous to them in the RNA populations from different deve-
lopmental stages and cell compartments. Several hundred E. coli clones are
grown on nitrocellulose paper (separately, as evenly spaced colonies) and the
DNA is denatured in. situ . A P-cDNA probe is prepared from the RNA under
study and is hybridized to the nitrocellulose filter. If a particular cloned
fragment is present in the RNA population, that colony will bind ^^P-cDNA
and will darken autoradiographic film. In one hybridization we can detect
the presence or absence, within the sensitivity of the assay, of several
hundred specific sequences in a total population of RNA.

Major Findings

A cDNA library consisting of almost 20,000 clones has been generated
containing cDNA fragments of 400-1600 nucleotides in length. Background
clones transformed by pBR322 alone constitute no more than 0.5% of the total
number of transformants. The library contains virtually any sequence that
is abundent during early embryogenesis, i.e. that represents at least 0.05-
0.1% of the mass of poly A+RNA. In addition many rare sequences are in-
cluded in the library as well. The high complexity of the library has been
confirmed by liquid hybridization. Screenings of clones with P-cDNA pre-
pared from poly A+RNA of different stages has recently begun and has shown
so far that the library contains sequences which are represented with high,
intermediate and low abundance in embryonic RNA. Preliminary comparisons
between the RNA populations of different stages of development has identified
some abundant RNAs which occur at similar concentrations in different stages
as well as RNAs which are abundant in certain stages and rare in others.

Significance to Cancer Research

The project deals with understanding normal cellular regulation, and to

the extent that cancer is an anomoly of such regulation observations derived
from such data may be useful in cancer biology.
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Proposed Course of Research

Hybridizations as described above will continue. Sequences (clones)
which are developmentally interesting will be grown up in liquid culture
so that quantitative studies can be done with the purified DNA from such
clones. In addition, the analysis of a cDNA library of this nature allows
a detailed comparison of some RNAs expressed in normal embryonic and adult
tissues with the homologous RNAs in tumor cells derived from the same or
different tissues.

Publications

None

.
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Mitochonarial (mt)DNA contains genes for 2 rRNAs , a set of tRNAs , and
a number of mRNAs (in the range of 10). The genes for rRNAs and tRNAs have
been mapped previously in our group. Our latest project has been the mapping
of the mRNA genes. We have characterized 10 major nonribosomal transcripts
of mtDNA and mapped their coding regions. Nine out of these 10 RNAs map in
nonoverlapping positions and all are transcribed from uninterrupted genes

.
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Project Description:

Objectives

Mitochondria are organelles with a genetic system in that they contain
DNA and a transcription-translation machinery. As the mtDNA is very small
(17 kb in Xenopus laevis ) it can code only for a limited number of products.
This makes mitochondria a very suitable object for studying gene organization
not only of a single gene but of an entire replicon. It seems feasible to

identity all genes on this genome and their products, and to study the regu-
lation of their expression. Of particular interest in this system is the
fact that mitochondrial genes are, at least partly, under the control of the

nuclear genome. It will be a long-term goal to elucidate the nature of this

regulation mechanism between nucleus and mitochondria.

Methods Employed

1) The mapping of mtRNAs was done using the RNA gel transfer hybridi-
zation technique developed by Alwine et al. (Proc. Nat. Acad. Sci, USA 74,

5350-5354, 1977). MtRNA was electrophoresed on agarose gels after complete
denaturation by glyoxalation (McMaster and Carmichael, Proc. Nat. Acad. Sci.

USA 74, 4835-4838, 1977). Then the RNA was transferred from the gel onto
diazobenzyloxymethyl-paper which binds RNA covalently. Parallel paper strips
were hybridized with different nick translated restriction fragments of the

mtDNA. This allowed us to visualize the RNA species that are encoded in the

particular DNA region used for hybridization.

2) To investigate whether mtRNAs are transcribed from continuous or

from interrupted genes, experiments of the type developed by Berk and Sharp
were carried out (Berk and Sharp, Cell 12, 721-732, 1977; Proc. Nat. Acad.

Sci. USA 75, 1274-1278, 1978). They involved hybridization of mtRNA with
mtDNA and digestion of the hybrids with the single strand specific nucleases
SI and ExoVII. Using SI, an interrupted gene is cut at the splicing points,

while ExoVII leaves the intervening sequence intact. The digestion products

were electrophoresed on alkaline agarose gels, transferred to mitocellulose
filters, and parallel filters were hybridized with different nick translated
restriction fragments of mtDNA.

Major Findings

Twelve abundant transcripts of mtDNA were characterized and their coding
regions mapped on the mtDNA. Two of them are the two rRNAs whose map posi-
tions were known from previous work. All nonribosomal transcripts contain
poly(A) tails which makes them likely candidates for mRNAs . All but one of

these RNAs map in nonoverlapping although closely neighboring positions.
About 80% of the coding capacity of mtDNA is accounted for by these RNAs,

All 12 RNAs are transcribed from uninterrupted genes. This contrasts the

situation in yeast mitochondria where several interrupted genes have been

reported. Hybridization with separated strands of mtDNA showed that the

heavy strand, as defined by centrifugation in alkaline CsCl, is the main

121



ZOl CB05255-01 LB

coding strand. All 12 RNAs were shown to be coded by the heavy strand; no

discrete light strand transcript could be found. In addition to the major
transcripts described above, 8 RNAs of low abundance and high molecular
weight were characterized and their coding regions mapped approximately.
They overlap the coding regions of the abundant mtMAs and might be precur-
sors or processing intermediates leading to the major RNAs.

Significance to Cancer Research

To the extent that cancer is thought to involve misf unctioning of some
basic regulatory mechanisms in the cell it is imperative that regulation of

cellular metabolism, in particular regulation of gene expression, be under-
stood in detail. The present project contributes to this general effort.
More specifically, many reports in the literature state that mitochondrial
metabolism and the structure and biogenesis of mitochondria is modified in

tumor cells. Therefore, a thorough understanding of mitochondrial biogenesis
and the involvement of the mitochondrial genome in this process is important
for an ultimate evaluation of the role of mitochondria in normal and trans-
formed cells.

Proposed Course of Research

We plan to characterize by in vitro translation the products encoded by

mtRNAs. As has been shown for Xenopus laevis by Koch (J. Biol. Chem. 251,
6097-6107, 1976), three subunits of each of the enzymes cytochrome c oxidase
and oligomycine-sensi tive ATPase are mitochondrially coded. We are in the

process of making antibodies against these proteins. They should enable us

to identily by specific immunoprecipitation a number of the peptides synthe-
sized in vitro. Using the hybrid arrest technique (Paterson et al., Proc.
Nat. Acad. Sci. USA 74, 4370-4374, 1977), we further want to identify the

particular RNA species which is coding for a given polypeptide.

Publication

Dawid , I.B. and Rastl, E.: Structure and evolution of animal mitochondrial
DNA. In ICN/UCLA Symposium of Extrachromosomal DNA, Academic Press, New
York, in press, 1979.
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The genes which control nitrogen fixation in Klebsi ella pneumoniae have been

mapped on chromosomal DNA using DNA restriction enzyme analysis and hybri-

dization techniques. This map enables us to identify specific DNA fragments

carrying nif genes which can be used to study the regulation of expression

of nif genes in Klebsiella pneumoniae and other bacterial species at the

molecular level.
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Ob ject i ves :

The goal of this research is to elucidate the molecular mechanisms involved
in regulation of the expression of the genes involved in nitrogen fixation
in bacteria. This process is thought to involve many genes (nif genes)
which are coordinately controlled by a number of different physiological
parameters such as ammonia concentration, molybdenum concentration, oxygen
partial pressure, glutamine synthetase, cyclic nucleotides, and interaction
of nitrogen-fixing bacteria with eukaryotic plant cells. This project is

designed to reveal novel mechanisms of genetic regulation.

Methods Employed:

Restriction enzyme analysis and nucleic acid hybridization techniques are
being used to map nif genes and their RNA transcripts on Klebsiella DNA, and

to compare Klebs iella nif genes with genes from other bacterial genera. DNA
sequence analysis, in vitro transcription, and DNA-protein binding studies
will be used in future work to elucidate the molecular mechanisms involved
in regulation of nif RNA synthesis.

Major Findings:

This project was begun within the fiscal year and is still in its initial
phase. Thirty genetically defined chromosomal deletions in the nif genes of
Klebsiella pneumoniae have been mapped with respect to the cleavage sites
for the restriction enzymes Eco RI and Bam HI. Thus, 14 nif genes which
have recently been identified by genetic studies in other laboratories,
could be assigned to specific DNA fragments. The results indicate that the

14 known genes are closely spaced along the chromosome, and are not sepa-
rated by a large number of undiscovered nif genes or unrelated genes, or by
large stretches of unexpressed spacer DNA. The restriction map of the nif
gene cluster will be very useful for the mapping of nif-speci fie RNA mole-
cules during the next phase of this work.

Significance to Cancer Research :

An understanding of the molecular mechanisms involved in gene expression
will be necessary to understand the processes by which a cell loses its

genetic regulation and become cancerous. This project is designed to

determine part of the normal mechanisms of gene expression and regulation
as a basis for identi fying the changes which have occurred at the molecular
level in malignant cells. Knowledge of these changes should provide valu-
able information in the development of cancer prevention and treatment
programs

,

The principal organism used in these studies, Klebsiella pneumoniae, is a

human pathogen which freqently causes life-threatening infections in debili-
tated individuals, including some cancer patients. This project will
provide information about the genetic regulation of a major metabolic path-
way which occurs in Klebsiella pneumoniae under anaerobic conditions, and
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will thereby contribute to our understanding of the pathogenicity of this

organism.

Proposed Course of Research :

1. Plasmids and phages carrying nif genes (previously constructed in other
laboratories) will be used in DNA: RNA hybridization experiments to identify
the RNA products of nif gene transcription, to map these RNA species on
Klebsiella DNA, and to measure the rate of transcription of nif operons in

wild-type and mutant strain, under varying physiological conditions. Ulti-
mately, DNA sequence analysis, in vitro transcription, and DNA-protein
binding studies will be employed to identify and study possible activators,
repressors, and DNA sequences which are involved in regulation of nif gene
expression.

2. Klebsiella pneumoni ae nif DNA will be hybridized to DNA restriction
fragments from other nitrogen fixing bacteria. The results should provide
information about the nature and organization of nif genes in bacterial
species which are much more difficult than Klebsiella to study directly.

Publications: None.
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For the past few years, we have been interested in establishing conditions
for the study of the components necessary for correct in vitro synthesis of
specific RNA molecules . We have established a procedure for the isolation
of DNA dependent RNA polymerase from nuclei of SSC-1 cells in culture.
These cells are permissive to infection by the transforming virus SV40. We
have begun experiments to analyze the transcription of SV40 DNA-protein
complexes by relatively crude preparations of RNA polymerase isolated from
cells infected with SV40. We have found that under certain conditions, we
can achieve asymmetric transcription of the SV40 DNA-protein complexes, such
that the correct strand from both the early and late regions of the virus
are used by the enzyme. Current studies are directed towards determining
components necessary for proper strand selection.
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Project Description:

Objectives :

One of the approaches that we are taking for studying the regulation
of eucaryotic gene expression is the in vitro transcription of well defined
DNA templates using crude preparations of RNA polymerase II. We have chosen
to conduct these studies using simian virus 40 (SV40) DNA-protein complexes
prepared from intact virions as the transcriptional template and RNA poly-
merase II activity in extracts of nuclei isolated cells permissive for SV40
infection (BSC-1) as the source of enzyme.

Transcriptional studies using SV40 appear very attractive since there
exists extensive information on the structure and function of this virus.
In addition, SV40 DNA-protein complexes are probably excellent templates
for transcription since they more clearly resemble the in vivo state of DNA
than does deproteinized DNA.

The overall goal of this work is to reproduce in vitro some of the

events known to occur during transcription of the SV40 genome.

Methods Employed:
Nuclei were isolated from BSC-1 cells via homogenization in hypotonic

sucrose. A crude preparation of RNA polymerase was then made by lysing the
nuclei in low ionic strength buffer then digesting the chromatin with DNase
I-Sepharose (Kastern et al

.
, JBC, in press). The RNA polymerase activity

found in the 10,000 g supernatant was then used for transcriptional studies.

DNA-protein complexes were prepared from intact virus by disruption of

the virions in a solution containing EGTA and DTT. They were then used

directly for transcription with exogenous polymerase.

In experiments designed to analyze strand selection by RNA polymerase,
32p-RNA made in vitro was purified then hybridized to Nitrocellulose filters
containing the separated strands of a Bam HI-Hpall digest of SV40 DNA.

Filters were prepared by the standard "Southern" transfer method from

agarose gels run under conditions which will separate the complementary
strands of this digest.

Major Findings :

The results of our initial studies have been encouraging. Extracts of
BSC-1 nuclei prepared by DNAse I-Sepharose digestion of chromatin contain
two RNA polymerization activities. One activity is not inhibited by the

fungal toxin Ct-amanitin at concentrations that inhibit RNA polymerase II,

and is also not dependent upon an exogenous DNA template. The identity of
this activity has not been determined. The second activity which accounts

for 50% of the total poly^nerase activity is due to RNA polymerase II as

judged by a-amanitin sensitivity and its dependence upon an additional DNA
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template. These nuclear extracts have been used for transcribing SV40 DNA-
protein complexes prepared by gentle disruption of intact virus. RNA
synthesis using this template proceeds at a nearly constant rate for one
hour .

In the next phase of our investigation, we have examined whether proper
strand selection by RNA polymerase II occurs in the production of these
transcripts. We have checked for proper strand selection by hybridizing the
P-RNA made in vitro to the separated coding and non-coding strands of the

regions of the SV40 genome specifying early and late functions. We have
found that, under the proper conditions, the majority of the transcripts are
synthesized from the coding strands of the two regions. Under similar con-
ditions, purified wheat germ RNA pol^raierase II reveals no strand selectivity,
the results of these investigations have shown that at least some aspects of
specific transcription are retained in this in vitro transcription system.
Our current investigations include a systematic evaluation of the conditions
necessary for proper strand selection and studies to locate the sites of RNA
polymerase II initiation.

Significance to Cancer Research:

A study of the mechanisms whereby the control of the expression SV40, a

transforming virus, is effected is of direct relevance to any consideration
of the processes involved in cancer. The advantages of the use of SV40 for
the study of regulation at the level of transcription are many, including
the fact that the primary RNA transcripts from the late region have already
been characterized and those from the early region will soon be sequenced.
Therefore analysis of the in vitro transcripts becomes possible since this
is one of the few systems available in which the primary transcription
product are known. Also, SV40 viral minichromosomes are ideal templates
for transcription since they have the nucleosomal structure found in nuclear
DNA. Since information relevant to control of gene expression is crucial to

understanding of the aberrations responsible for cancer, such experiments in

which we will attempt to analyze the components responsible for accurate
transcription utilizing an ideal template and relatively crude preparations
of RNA polymerase will provide some insights into these problems.

Proposed course of research:

We plan to continue the studies described above. In addition, we are
begining to analyze the structures of the SV40 DNA-protein complexes during
transcription by electron microscopy.

Publications: None.
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SUMMARY STATEMENT
LABORATORY OF MOLECULAR BIOLOGY

DCBD, NCI

October 1, 1978 through September 30, 1979

The Research efforts in the Laboratory of Molecular Biology are divided

into five major areas:

1. Identification of the viral gene products that initiate cell

transformation and determination of how such products affect cyclic

AMP, cellular fibronectin (cfn) and collagen synthesis. Cyclic AMP,

cfn and collagen have important roles in regulating the behavior

of cultured cells.

Identification and characterization of the proteins that have a role

in the movement, shape and adhesion of cultured cells and that are

altered in transformation. Characterization of molecules that partici-

pate in the binding and internalization of serum factors that control

cell growth and behavior.

2. Regulation of gene activity with particular emphasis on the

identification of molecules that activate or inhibit genes and the

determination of the structure and function of the regulatory regions

of genes.

3. Studies on the biochemistry and genetics of the recombination

of the E. coli chromosome with the X chromosome, and studies on the

mechanism of synthesis of various bacteriophage DNAs by E. coli

enzjones .

4. Investigation of how the thyroid cell forms, stores and releases

its hormone and the elucidation of factors that control its growth,

differentiation and transformation into a malignant cell.

5. Investigations on mammary tumor virus and other oncornaviruses

and elucidation of how these viruses are synthesized and how they

change normal cells into cancer cells.

Part 1. Cell Transformation and Growth Control

The product of the src gene of Rous Sarcoma virus is a 60,000
c -r- p *^ s r* c

dalton peptide (p60 ). To determine the site of action of p60
Willingham et al used a method recently developed in this laboratory that

allows one to determine the intracellular location of proteins at the
src .

ultrastructural level by electron microscopy. p6CH-^— is concentrated

on the inner surface of the plasma membrane, particularly at cell: cell

junctions and under ruffles. No nuclear localization was detected. This

result indicates that this transforming protein, like growth-controlling

peptide hormones (see below), acts at the plasma membrane and not within

cells. The rapid changes in cell shape that occur when the src gene is

expressed are probably due to a direct action of p60 on the cell membrane,
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Associated with p60 is a protein kinase activity. Richert and
Davies have determined that the kinase has very unusual properties for

a protein kinase since it used all nucleoside triphosphates as substrates
and is inhibited and activated in a complex manner by various nucleoside-
diphosphates and deoxynucleoside . Tosylysylchloromethylketone (TLCK)

a compound previously shown to inhibit the growth of tumors and "normalize"
the behavior of RSV transformed fibroblasts, has been shown to be an in-

hibitor of the kinase indicating an important role for the kinase in

transformation.

RSV transformed cells synthesize less collagen and cellular fibronectin
(cfn). The loss of these proteins contributes to diminished cell adhesion.
To detemrine how p60 controls collagen and cfn, DNA for these genes
was cloned in E. coli using the plasmid PBR322, and employed to measure
mRNA levels for collagen and cfn. We find that p60-— acts to drastically
decrease collagen and cfn mRNA levels but probably does it by a

complicated mechanism.

To identify how cfn controls cell adhesion, the structure of the
molecule has been studied by K. Yamada. He has isolated a 40,000 dalton
fragment that binds to collagen and has identified other regions of the

molecule that interact with the extracellular macromolecules . One widely
held view is that the role of carbohydrate on glycoproteins such as cfn
is to direct their secretion or insertion into membranes. In the case
of cfn Olden and Yamada have shown this not to be true, but rather the
carbohydrate moieties protect cfn from proteolytic degradation.

One prominent characteristic of transformed cells is the presence
of ruffles on the cell surface. Using his ultrastructural method of

locating cell proteins M. Willingham has shown that ruffles contain actin
and filamin but not myosin or other structural proteins. He has also
determined the intracellular location of myosin, tubulin, lOOA filament
protein and cfn.

Growth-promoting peptide hormones such as insulin (I) and epidermal
growth factor (EGF) as well as the serum protein a„ macroglobulin (a M)

bind to specific receptors on the cell surface. The receptors are mobile
and diffusely distributed on the cell surface prior to hormone binding.

The hormone receptor complexes rapidly cluster into coated pits
(specialized organelles in the plasma membrane) upon hormone binding, and
are then internalized in coated vesicles. M. Willingham has employed video
intensification microscopy to record on videotape the motion of these
vesicles. Internalization is specifically blocked by a variety of primary
amines (F. Maxf ield ) and requires calcium. Since the compounds that inhibit
internalization are inhibitors of the cellular enzyme transglutaminase
and both processes requires Ca , P. Davies has suggested that a trans-
glutaminase catalyzed cross-linking of proteins is involved in the
internalization process. Inhibition of internalization of EGF and insulin
does not block their action on growth or transport suggesting internalization
is not required for hormone action.
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The coat of the coated vesicle is composed of the protein clathrin.

J, Keen has prepared clathrin and shown it can reassemble into coat

structures upon addition of a second protein factor.

Michael Go ttesman has shown that mouse fibroblasts transformed by

RNA viruses, a DNA virus or a chemical agent all secrete a 35,000 M peptide
(major excreted peptide, MEP) in large amounts. Increased MEP synthesis
is rapidly brought about by tumor promoters.

To elucidate how cyclic AMP restores the properties of transformed
cells to normal M. Go ttesman has isolated many classes of mutants of Chinese

hamster ovary cells (CHO) that are resistant to cAMP action. One mutant
has an altered catalytic subunit of protein kinase ( Evain ) , another class

has normal cAMP kinase but is blocked in a more distal step of cAMP action.

Cabral and Go ttesman have isolated mutants of the cytoskeletal
protein tubulin that are resistant to the anti-mitotic drugs colcemid and

griseofulvin and shown these have alteractions in the structure of g-tubulin.

Wayne Anderson has continued studies on adenylate cyclase regulation
and found that calmodulin at low concentrations inhibits the enzyme.

Proteolytic treatment activates the enzyme and degrades a 42-48K protein
that may be involved in adenylate cyclase regulation.

George Johnson has been investigating the mechanism by which picolinic
acid inhibits cell growth and has evidence that it acts by altering NAD
metabolism.

Although many substances have been identified that inhibit or stimulate
cell division, their mechanism of action is unknown. Susan Go ttesman has

been investigating growth control mutants in E. coli that are altered in

a gene termed Ion that are unable to form septa between dividing cells.

The mutation has a pleiotropic effect thereby changing many cell functions

including regulation of protein degradation and the expression of operons
involved in carbohydrate metabolism. The findings with Ion mutants are

important models for those studying the control of growth of human cells.
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Part 2. Regulation of Gene Expression

S. Adhya has shown that the natural polarity observed when the gal
operon is expressed in the absence of cyclic AMP is released by a mutation
in transcription termination factor Rho. This confirms the idea that
gene regulation may involve attentuation within operons.

S. Adhya , M. Irani and B. de Crombrugghe have isolated a new gal
mutation mapping at position -55 with respect to the transcription

initiation site. This places the gal operator closer to the promoter
than previously thought. B. de Crombrugghe and T. Taniguchi have determined
that the gal DNA site that interacts with cyclic AMP receptor protein
is located at -25 to -50 with respect to the transcription initiation
site. The two sites are thus much closer in gal than in lac .

S. Adhya and M. Gottesman have shown that induction of the gal operon
is impossible when a powerful "upstream" promoter is activated. "Promoter
competition" appears to play an important role in bacteriophage X gene
regulation,

M. Gottesman , S. Adhya and D. Court have shown that the lambda N-gene
product suppresses transcription termination at both Rho-dependent and
Rho-independent termination signals (including the terminator of the
lambda 6S transcript). N-Product is therefore antiterminator of trans-
cription rather than an antagonist of Rho, as was previously suggested.

B. de Crombrugghe , M. Mudryj and M. Gottesman have cloned a recognition
site for lambda N-gene product and juxtaposed it to the gal promoter.
Transcription originating at the gal promoter can now be acted upon by
N-product and pass through termination sites.

U. Schmeissner , D. Court and M. Rosenberg have demonstrated that
the product of the lambda regulatory gene, £ll, activates a promoter
in the pre region of the phage chromosome. Others had proposed that
£lI-product acted as an antiterminator of transcription.

Part 3. Recombination and DNA synthesis

S. Gottesman and K. Abremski have shown that, at low ionic strengths,
both linear and supercoiled DNA are substrates for the lambda integration
and excision recombination reactions. At high ionic strengths, super-
coiling is obligatory for both reactions. At intermediate concentrations,
as well as in vivo, supercoiling is required for integrative but not
excisive recombination.

S. Wickner has isolated phage lambda and phage P22 replication proteins,
The lambda P protein forms a physical complex with host dnaB protein,
which presumably directs dnaB protein toward lambda DNA replication.
P22 12 protein contains a single-stranded DNA-depdendent ATPase activity.

The 12 protein functions in combination with dnaG protein to catalyze
oligonucleotide synthesis with a variety of single-stranded DNA templates.

132



Part. 4. Thyroid Cell Function

S.H. Wollman has been able to grow thyroid cells in suspension culture
that retain the properties of normal cells. Such cells are very important
for studies on growth regulation. Addition of high concentration of serum
causes the cells to reverse their polarity and pump water into the lumen,
indicating that normally the cells remove water from the lumen to keep
thyroglobulin concentrated.

During cytokinesis the organelles of the thyroid cell undergo extensive
changes in character and position. The association of cells with neighboring
cells is sometimes lost allowing red cells to enter the lumen of the
follicle

.

Part 5. Mouse Mammary Tumor Virus

G. Smith has shown that the DNA in intracytoplasmic A particles (CAP),
long associated with mammary cancer, is of cellular and not of viral origin
and has no obvious role in mammary cancer. He has begun to investigate
DMBA induced mammary tumors to see the relationship of a chemical carcinogen
to virus induced cancer.

G. Vlahakis has continued to make available to other investigators
his valuable lines of mice carrying a high incidence of mammary and liver
tumors

.
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Recombinant plasmids containing procollagen DNAs have been constructed

and used to show that procollagen mRNA synthesis is decreased after RSV trans-

formation. A recombinant plasmid containing f ibronectin DNA has also been

constructed. Mutants of CHO cells unresponsive to cyclic AMP have been
isolated and partially characterized.
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Project Description:

Objectives: To understand how cyclic AMP and other agents control

gene activity and the behavior of cultured cells.

Methods Employed : Prepare cloned cDNAs to use to study messenger
RNA synthesis in intact cells or cell-free systems. Isolate animal cells

that have mutations in the enzymes of cyclic AMP metabolism and determine

the biochemical basis of these alterations.

Major Findings : Plasmids containing DNA sequences of the pro a-1

collagen and pro ct-2 collagen have been constructed. These have been

used to detemine the size and quantity of procollagen mRNA produced in

ASV transformed cells. Decreased quantities of these mRNAs are present

but their size appears normal.
The rate of increase in procollagen mRNA was studied in cells trans-

formed by ts mutants in src. Collagen mRNA synthesis does not immediately

resume when cells are placed at the restrictive temperature indicating
src • •

p60--^— probably does not directly act on DNA to regulate gene activity.

A recombinant plasmid containing sequences of the fibronectin gene

of CEF has been isolated.
Mutants unresponsive to cyclic AMP have been isolated and characterized

biochemically and genetically. Both dominant and recessive mutants were

detected and among these were cells with apparent alterations in the

catalytic subunit and the regulatory subunit.
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Significance : The invasive properties of tumor cells may be related
to alterations in collagen, fibronectin and cyclic AMP. Understanding
how the synthesis of these molecules is altered in transformation may
suggest new methods of cancer treatment.

Publications

:

Alexander, S.S., Jr., Colonna, G. , Yamada, K.M. , Pastan, I., and
Edelhoch, H. Molecular properties of a major cell surface protein from
chick embryo fibroblasts. J. Biol. Chem . 253: 5820-5824, 1978.

de Crombrugghe, B., and Pastan, I. Cyclic AMP, the cyclic AMP receptor
protein and their dual control of the galactose operon. Cold Spring
Harbor Book: The Operon, p. 303-324, 1978.

Anderson, W.B^, Jaworski, C.J., Gallo, M. , Pastan, I., and Pouyssegur,
J. Adenylate cyclase in a fibroblast mutant defective in glycolipid
and glycoprotein synthesis. Nature 275: 223-224, 1978.

Sobel, M.E., Yamamoto, T., Adams, S.L., DiLauro, R. , Avvedimento, V.E.,
de Crombrugghe, B., and Pastan, I. Construction of a recombinant bacterial
plasmid containing a chick pro-a2 collagen gene sequence. PNAS 75:

5846-5850, 1978.

Evain, D., Gottesman, M. , Pastan, I., and Anderson, W.B. A mutation
affecting the catalytic subunit of cyclic AMP dependent protein kinase
in CHO cells. J. Biol. Chem . , 1979. In press.

Howard, B.H., Adams, S.L., Sobel, M.E., Pastan, I., and de Crombrugghe,
B. Decreased levels of collagen mRNA in Rous sarcoma virus-transformed
chick embryo fibroblasts. J. Biol. Chem . 253: 5869-5874, 1978.

Adams, S.L., Alwine , J.C., de Crombrugghe, B., and Pastan, I. Use of
recombinant plasmids to characterize collagen RNAs in normal and transformed
chick embryo fibroblasts. J. Biol. Chem , 1979. In press.

Anderson, W.B., Gallo, M. , Wilson, J., Lovelace, E., and Pastan, I.

Effect of epidermal growth factor on prostaglandin E, -stimulated accumulation
of cyclic AMP in fibroblastic cells. FEBS Letters , 1979. In press.
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The product of the src gene of the Schmidt-Ruppin strain of Avian Sarcoma
Virus has been localized at the ultrastructural level to the inner surface
of the plasma membrane and particularly to cell:cell junction. The kinase
activity associated with p60 has been characterized. It has very unusual
requirements for a protein kinase including its broad utilization of nucleotide
triphosphates as substrates, and its peculiar inhibition and activation by
XDPs and dXDPs.
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Project Description:

Objectives : To understand the role of cyclic AMP and protein factors
in malignant transformation and particularly how these factors regulate
the growth, morphology, and other properties of cultured fibroblastic
cells

.

Methods Employed : Cell culture, viral transformation and standard
biochemical analyses of the enzymes involved in cyclic AMP metabolism
and the synthesis of macromolecules . Preparation of antibodies against
tumors induced by Rous sarcoma virus

.

Major Findings : Rabbit antisera raised against tumors induced by
the Schmidt-Ruppin strain of ASV immunoprecipitate a 60,000 dalton protein
that is the product of the src gene of RSV. The immunoprecipitate also
contains a kinase activity that phosphorylates the hea-vy chain of IgG.
A quantitative assay for the kinase has been developed and used to character-
ize the enzyme activity. The enzyme reaction is very unusual for a protein
kinase since IgG is the preferred substrate, the reaction is 50% as good
at as at 23-39 , and the extent of the reaction and not the rate is

proportional to enzjnne concentration. Further the kinase will use a wide
variety of nucleoside triphosphates as phosphate donors. Our .data suggest
that in the reaction a phosphoenzyme intermediate is formed which then
transfers the phosphate to IgG.

Using the anti p60

—

- antiserum, the intracellular location of P60
has been determined at the ultrastructural level using a new method developed
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by M. Willingham. We find p60 is concentrated at the inner surface of
the plasma membrane and particularly concentrated at cell-cell junctions.

Tosyl lysylchloromethylketone (TLCK) is an inhibitor of the kinase
when added either to cell-free extracts or to intact cells. This finding
is of particular interest since TLCK treatment corrects the abnormal
appearance, adhesion and metabolic properties of RSV transformed CEF.

Significance for Cancer Research and the Program of the Institute :

National Cancer Plan Objective 3, Approaches 1, 2 and 5; Objective 4,
Approach 2; Objective 6, Approach 3. Various aspects of this work will
lead to a better understanding of how cells become cancer cells and how
the growth of cancer cells is controlled. It also has therapeutic
implications

.

Proposed Course : Purify p60 and try to determine its mechanism
of action.

Publications

:

Yamada, K.M. , Olden, K. , and Pastan, I. Transformation-sensitive cell
surface protein: Isolation, characterization, and role in cellular
morphology and adhesion. Ann. N.Y. Acad. Sci . 312: 256-277, 1978.

Neufeld, E.J., and Pastan, I. A mutant fibroblast cell line defective
in glycoprotein synthesis due to a deficiency of glucosamine phosphate
acetyltransferase. Arch, of Biochem. and Biophys . 188: 323-327, 1978.

Shiu, R.P.C., and Pastan, I.H. Properties and purification of a

glucose-regulated protein from chick embryo fibroblasts. Biochem. Biophys.
Acta 576: 141-150, 1979.

Pastan, I., and Willingham, M. Cellular transformation and the
"morphologic phenotype" of transformed cells. Nature 274: 645-650, 1978.

Pastan, I., Sobel, M. , Adams, S., Yamada, K.M. , Howard, B., Willingham, M.

and de Crombrugghe, B. The use of transformed fibroblastic cells as a

model for differentiation. In Differentiation and Development, Tenth
Miami Winter Symposium, eds . Ahmad, F., Schultz, J., Russell, T.R., and
Werner, R. (Academic Press, N.Y.), Vol. 15, 1978, p. 49-54.

Richert, N.T., Davies, P. J. A., Jay, G. , and Pastan, I.H. Characterization
of an immune complex kinase in immunoprecipitates of avian sarcoma virus-
transformed fibroblasts. J. of Virology , 1979. In press.
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We have continued our study of the expression of the gal operon of E. coli.
either from the p.. and £„ promoters of the gal operon or from the £ or

_p

promoters of a neighboring lambda prophage. The expression of operon is

strongly influenced by the promoter which is chosen for its transcription.
This control is exerted at both transcriptional and translational levels.

We have also expanded our study on the nature of transcription termination
in E. col

i

, and of the mechanism of action of the bacteriophage lambda anti-
termination function, the product of the N-gene.
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Project Description:

Objectives : The gal operon of E. coli is normally subjected to negative
control by the gal repressor. In addition, the expression of the three
cistrons of the gal operon is differentially affected by the presence or
absence of the positive control factors, cyclic AMP and CRP . The operon
can also be transcribed from a prophage promoter under the influence of
the lambda gene N-product. Under these circumstances, the expression of
the operon is non-coordinate. We are studying the factors that control
gal expression.

The lambda gene N-product suppresses transcription termination. Our
intention is to determine the mechanism of action of N-function.

Methods Employed : Standard microbial genetic and biochemical techniques.

Major Findings :

(1) In the presence of cyclic AMP and CRP, the expression of the three
gal cistrons, galK

,
galT and galE , is coordinate. In the absence of these

factors we observe "natural polarity", i.e. the promoter-proximal cistron,
galE , is expressed at a much higher level than the promoter-distal cistrons.
We find that gal transcription in the absence of cyclic AMP tends to terminate
at the Rho-dependent site near the end of galE . Thus, introduction of a
rho mutation into an adenyl cyclase mutant eliminates gal natural polarity.

(2) When the gal operon is transcribed from a lambda promoter, the
galE cistron is transcribed but not translated. The translation of galE
is partially restored by the introduction of an IS2 element between the
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phage promoter and the galE cistron.

3) If the gal operon is brought closer to the powerful prophage promo-

ter p , we find that induction of the gal promoter becomes impossible.

This promoter competition" is independent of gene N-product, and is a cis

effect.

4) A new gal has been isolated and sequenced. It lies in nucleotide
-55; some 5 nucleotides closer to the gal promoter than any previously se-

quenced mutation in gal .

5) The lambda antitermination factor, gene N-product, suppresses trans-

scription termination at both Rho-dependent and Rho-independent sites.

The Rho-independent site, _t- , has been cloned into a region between £
and gal . As predicted, £ -promoted transcription is not blocked by the

_t^„ terminator.
6) We have confirmed and extended previous observations that gene

N-product induces the elevated synthesis of the RNA polymerase subunit,

sigma. This increase is found only under conditions of high cell density,

and can reach a level of at least 10-fold above N controls.

Significance for Cancer Research and the Program of the Institute :

National Cancer Plan Objective 3, Approach 1. In cancer cells, the expression

of some genes are permanently turned on, i.e. expressed constitutively

.

Our studies are aimed to understand the molecular basis of how genes are

turned on and off. We are using gal and X as model systems. This under-

standing might help to prevent conversions of cells to those capable of

forming cancers.

Proposed Course : 1. To determine the complete structure of the gal

operon. 2. To identify the regulatory molecules involved in turning on

and off the various genes of the gal operon and phage X. 3. To understand

the biochemistry of the initiation and termination signals of gene expression.

4. To study the structure of the rho gene. 5. To elucidate the mechanism
of action of the N-gene.

Publications:

Das, A., Court, D., and Adhya, S.: Pleiotropy of Rho mutations in E. coli .

In Molecular Basis of Host Virus Interactions (ed. , M. Chakravorty) pp. 459-

467, 1979.

Adhya, S. and Gottesman, M. : Control of transcription termination. Ann.

Rev. Biochem . 47: 967-996, 1978.

Das, A., Merril, C. and Adhya, S.: Interaction of RNA polymerase and rho

in transcription termination: Coupled ATPase. Proc. Nat. Acad. Sci. USA

75: 4828-4832, 1978.

Hilliker, S., Gottesman, M. , Adhya, S.: The activity of Salmonella phage

P Gene 24 product in E. coli . Virology 86: 37-47, 1978,
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Kourilsky, P., Perricaudet, M. , Gros, D. , Garapin, A., Gottesman, M.

,

Fritsch, A., and Tiollars, P.: Description and properties of bacteriophage
lambda vectors useful for the cloning of the R, DNA fragments. Biochimie
60: 183-187, 1978.

Levine, A., Moreau, P., Devoret, R. , Adhya, S., Gottesman, M. , and Das, A.:
Expression of Bacterial Gene Turned on by a Potent Carcinogen. Mutation
Research 50: 29-35, 1978.

Simon, L.D., Gottesman, M. , Tomczak, K. , and Gottesman, S.: Hyperdegradation
of proteins in Escherichia coli rho mutants. PNAS 76: 1623-1627, 1979.

Reyes, 0., Gottesman, M. and Adhya, S.: Formation of lambda lysogens by

IS2 recombination: gal operon-lambda P promoter fusions. Virology (In

press, 1979).

Adhya, S. and Miller, W. : Modulation of the two promoters of the galactose
operon of E^. coli . Nature (In press, 1979).
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SUMMARY OF WORK (200 words or less - underline keywords)

Transformation produces many changes in cell physiology. To study these

changes we developed a new ultrastructural immunocytochemical localization tech-

nique which allows electron microscopic antibody localization to intracellular

protein in the presence of well preserved morphology in cultured cells (EGS

procedure) . Using this technique, we have localized the contractile proteins

actin, myosin , and filamin , and the structural proteins of 100 A filaments,

microtubules (tubulin), and the bristle coat of coated endocytic vesicles.

We have also localized the src gene product polypeptide pGO of SR-avian sarcc

virus transformed cells, and found it associated with the inner aspect of the

plasma membranes, concentrated at surface ruffles and gap junctions .
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Project Description:

Objectives : To investigate the mechanisms that control cell motility,
receptor-mediated endocytosis, and the morphologic and growth manifestations
of malignant transformation.

Methods: Cell culture, specialized light and electron microscopic
morphologic and iimnunohistochemical methods, including the EGS ultrastruc-
tural localization procedure and specialized biochemical purification and

analytical methods.

Major Findings : Transformation of cultured fibroblasts alters their

shape, adhesion to substratum, surface microstructure, agglutinability by

plant lectins, and organization of cytoplasmic contractile proteins, as

well as growth properties. These former properties, referred to as "the

morphologic phenotype of transformation" are primarily controlled by adhesion
to substratum and we have previously shown that these are unrelated in a

causal manner to growth control.
To study the mechanisms that regulate adhesion and motility in cultured

cells, we needed a method of morphologically localizing the proteins involved

in these processes within the cell. Using antibodies to proteins purified
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from cultured cells, we have studied the light microscopic distribution
of contractile proteins and other cellular elements. Ultrastructural localiz-
ation with good morphologic preservation was considerably more difficult
and no practical technique was available for this study. As a result, we
undertook a long developmental study of this area and have developed a new
procedure (EGS procedure) which provides specific ultrastructural antibody
localization of intracellular antigens with good morphologic preservation.
In addition, the best labeling procedure for these ultrastructural studies
has been developed as a modification of the "ferritin bridge" procedure
using affinity-purified antibodies to ferritin. Not only does this provide
discrete specific ultrastructural images, but it also allows the quantitation
of antibody localization, an advantage of particular importance for proteins
present in low amounts.

Using this method, we are studying the location and relationships of

the major contractile proteins in cells (myosin, actin, and filamin) to

understand the mechanism of their interaction and resulting motility of

the cell and its internal organelle movements. Using antibodies against
purified actin, myosin, and filamin, we have found that the ultrastructural
distribution of these proteins is different from what one might assume from

light microscopic results. Actin is contained only in structures which
have morphologically identifiable 60 A microfilaments and no significant
amounts of soluble cytosol actin were detected. These former structures
include the microfilament mat underlying the plasma membrane, microfilament
bundles, the core of microvilli, and the inner content of cell surface ruffles.

Filamin follows these distributions in the same manner, except for its absence

from the core of microvilli, and the small amount of diffuse filamin present

in the cytosol.
Myosin, however, has a unique distribution. Most of the cell's myosin

is distributed throughout the cytosol in the reticular filamentous structures

between the cytoplasmic organelles. Myosin concentrates as an intense decora-

tion on the edges of actin-containing structures, but is absent from both

microvilli and surface ruffles. No myosin localization was found in associa-
tion with the plasma membrane.

The 58K, 100 S filament protein was purified from Chinese hamster ovarian

fibroblasts and used to produce specific antibodies in rabbits. In mouse
fibroblasts, these antibodies by ultrastructural localization associate
only with the 100 A intermediate filaments. Similarly, antibodies were

produced against purified tubulin, and by ultrastructural localization these

associate only with microtubules. Since microtubules and 100 A filaments

are usually closely associated morphologically in cells, these two antibody
experiments demonstrate the high degree of specificity of this ultrastructural
localization technique. The structural proteins of the bristle coat of

coated endocytic vesicles were purified and antibodies were prepared. These

antibodies localized ultrastructurally to the bristle coat of coated pits

and Golgi-associated coated vesicles, as well as in lower concentration

on some other reticular membranous structures near the plasma membrane.
Other proteins have also been localized in other intracellular structures
such as those associated with the nucleus, Golgi vesicles, and endoplasmic
reticulum demonstrating the general usefulness of this localization procedure
for intracellular proteins.
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One of the recently well-defined viral transformation systems is the

transformation of avian and rat cells by the Schmidt-Ruppin strain of Rous
sarcoma virus. A single polypeptide of 60,000 M seems to be the product
of the transformation-specific src gene in these cells. Antibodies to this

p60 src protein were made in newborn rabbits and localized using the EGS
and ferritin bridge procedures. p60-— is concentrated on the inner aspect
of the plasma membrane in SR-RSV- trans formed NRK cells. A low concentration

sr c .

of p6(}——- is found diffusely throughout the cytoplasm. The plasma membrane-
associated p60 is more concentrated in regions of surface ruffle activity
and is highly concentrated at the gap junction regions of intercellular
contact points. The distribution of this protein provides direct evidence
for its likely site of action at the plasma membrane. This location is

significant in light of the great similarity in the effects of growth promot-
ing hormones which bind to the outside of the plasma membrane, and p60-

—

transformation which localizes to the inside of the plasma membrane. These
two different molecular actions may be affecting the same regulatory systems
at different sites.

Significance for Cancer Research and the Program of the Institute :

National Cancer Plan Objective 6, Approach 3.

It appears that transformation of cultured cells in vitro is closely
linked to the ability to form malignant tumors in vivo. By understanding
the specific properties and their mechanisms in vitro that are essential
for these altered growth properties, one might be able to control the growth
and spread of tiomors in vivo . The role of growth-stimulating hormones and
their mechanism of action may provide significant insights into the manner
in which transforming viruses use single, small polypeptide molecules to

alter growth and change multiple morphologic properties. The localization
of p60 to the inside of the plasma membrane has added greatly to the
understanding of the site and possible mode of action of this transforming
protein.

Proposed Course : We will study the morphologic mechanisms of the action
of contractile proteins, growth-regulating hormones and transforming viral
proteins in cultured fibroblasts. All of these areas relate to the basic
mechanisms by which central regulatory processes are altered after transforma-
tion to result in loss of growth control and the "morphologic phenotype
of transformation".

Publications

:

Pastan, I. and Willingham, M.C. : Cellular transformation and the "morphologic
phenotype" of transformed cells. Nature 274: 645-650, 1978.

Willingham, M.C, Yamada, S.S., and Pastan I.: Ultrastructural antibody
localization of ci -Macroglobulin in membrane
in cultured cellsT PNAS 75: 4359-4363, 1978

localization of ci -Macroglobulin in membrane linked vesicles by a new procedure

Willingham, M.C, and Yamada, S.S.: A mechanism for the destruction of

Pinosomes in cultured fibroblasts: Piranhalysis . J. Cell Biol . 78: 480-
487, 1978.
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Willingham, M.C. and Yamada, S.S.: A new fixative for intracellular
immunocytochemical localization in cultured cells. J. Histochem. Cytochem .

(In press) 1979.
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The major cell surface glycoprotein fibronectin is decreased after malignant ;

transformation of fibroblasts and is involved in cellular adhesion. Its role

in embryonic differentiation has been examined. Muscle and cartilage cell devel-j-

opment appears to require specific alterations in quantities of fibronectin.

Fibronectins isolated from the cell surface and from plasma are similar

but not identical in either biological activities or in polypeptide structure.

The collagen binding site of cellular fibronectin was identified and isolated,
and a homologous but not identical site is also present on plasma fibronectin.

The carbohydrate moiety of fibronectin is not required for a variety of

biological activities, but helps to stabilize the protein against proteases
and abnormal protein turnover. Other roles of asparagine-linked oligosaccharide^
were identified in membrane transport and in sulfated proteoglycan synthesis,
but not in several membrane enzymatic activities or in protein secretion .

Our objectives will be to detennine the composition and structure of
various active sites on fibronectin, and the mechanisms by which this major

cell surface protein helps to regulate cell behavior and differentiation.
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Project Description:

Objectives : The major cell surface protein fibronectin is depleted
after neoplastic transformation of fibroblasts _in vitro . Our objectives
are to determine f ibronec tin' s biochemical structure, its role in cell be-

havior, and its mechanism of action.

Methods Employed : Cellular fibronectin is isolated from chick embryo
fibroblasts using urea, then further purified by salt fractionation and

column chromatography at alkaline pH. Plasma fibronectin is isolated from

plasma by affinity chromatography on immobilized collagen columns and elution
with urea, then purified similarly to cellular fibronectin. Specific activi-
ties for mediating cell adhesion to collagen are quantitated by determining
percentages of cells that attach to dishes coated with type I collagen at

various protein concentrations, cell spreading by counting the proportion
of cells that are fully spread on plastic culture dishes, hemagglutination
by the use of a standard microtiter plate assay, and effects on morphology
of transformed cells by determining the lowest concentration at which induc-

tion of cell alignment and flattening can be detected in phase contrast
photomicrographs

.

Collagen binding sites are isolated following chymotryptic digestion
of fibronectin bound to gelatin-agarose affinity columns. Polypeptides
remaining bound to the column are released with urea, then further purified
by salt fractionation and membrane ultrafiltration.

Nonglycosylated fibronectin is isolated from homogenates of chick fibro-

blasts treated with the glycosylation inhibitor tunicamycin utilizing affinity
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chromatography on agarose columns to which affinity-purified anti-f ibronectin
antibody has been coupled covalently.

Major Findings : We had previously shown that isolated fibronectin is
an adhesive protein that can restore a more normal morphologic phenotype
to transformed cells. We investigated whether all fibronectins are struct-
urally and functionally identical. Purified cellular and plasma fibronectin
have identical specific activities in two adhesive assays involving cell
attachment to collagen and cell spreading. However, plasma fibronectin
was 50 to 200-fold less active in restoring a normal morphology to trans-
formed cells in vitro or in hemagglutination. These biological differences
are accompanied by an apparent difference in polypeptide size of 5-10,000
daltons that is localized to a 205,000 dalton fragment of the molecule.

A polypeptide fragment containing the binding site for collagen was
isolated after proteolysis of cellular fibronectin by chymotrypsin. This
fragment is a single polypeptide chain of 40,000 daltons, whereas the intact
molecule is a disulf ide-bonded multimer. A homologous collagen-binding
region is present in plasma fibronectin, although it is not identical.

The roles of complex carbohydrates in the biological function of fibro-
nectin and in membrane transport, enzymatic, and secretion processes were
examined using tunicamycin, a highly specific inhibitor of protein glycosyl-
ation. Nonglycosylated fibronectin has specific activities identical to

those of native fibronectin in assays for cell attachment, spreading, hemag-
glutination, and restoration of a normal morphologic phenotype to transformed
cells. However, isolated nonglycosylated fibronectin is twice as susceptible
to proteolytic digestion in vitro, in agreement with previous protein turnover
data from intact cells. Inhibition of glycoprotein glycosylation also inhibi-
ted a variety of nutrient transport carriers, but not several membrane enzyme
activities. Although it inhibited sulfated proteoglycan synthesis, tunicamy-
cin did not affect the secretion of fibronectin or procollagen. These results
indicate roles of asparagine-linked oligosaccharides in the protection of
fibronectin against proteolysis and in membrane transport, but no apparent
function in fibronectin' s biological activities nor in several membrane
enzymatic or secretory events.

In collaborative studies, we investigated changes in quantities of
fibronectin on cells undergoing embryonic development. Differentiation
of limb bud mesenchyme cells into chondrocytes and of myoblasts into myotubes
are both accompanied by the loss of fibronectin. Reversal of chondrocyte
differentiation by retinoic acid is accompanied by a restoration of cell
surface fibronectin. The addition of purified fibronectin to myoblasts
specifically blocks the fusion of cells to form myotubes, whereas inactivation
of endogenous myoblast fibronectin with trypsin or anti-f ibronectin antibodies
accelerates cell fusion. These results suggest that programmed losses of
fibronectin from the cell surface are required for differentiation of certain
tissues

.

Significance for Cancer Research and Program of the Institute : National
Cancer Plan Objective 3, Approach 5.

The cell surface glycoprotein fibronectin appears to perform a major
role in the maintenance of normal cellular adhesion, morphology, and cell-
cell interactions, and its loss after transformation partially accounts
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for changes in these phenotypes in transformed cells. To begin to determine

its mechanism of action, we have identified differences in biological activity

and structure between different forms of fibronectin, and have identified

and purified a specific active site from these molecules. We also examined

the role of fibronectin' s carbohydrate moiety in its biological function

and stability. In addition, a general cellular requirement for glycosylation

of asparagine residues was identified for a wide variety of membrane transport

processes. Other studies suggest that developmentally regulated changes

in quantities of fibronectin on the cell surface are necessary for normal

embryonic differentiation of certain cell types.

Proposed Course : To determine the composition and structure of fibronec-

tin' s collagen-binding site, to identify and isolate its sites of interaction

with glycosaminoglycans and the plasma membrane, and to investigate its

regulation during embryonic differentiation.

Publications:

Yamada, K.M. : Immunological characterization of a major transformation-

sensitive fibroblast cell surface glycoprotein: Localization, redistribution,

and role in cell shape. J. Cell Biol . 78: 520-541, 1978.

Alexander, S.S., Colonna, G, , Yamada, K.M. , Pastan, I., and Edelhoch, H.

:

Molecular properties of a major cell surface protein from chick embryo fibro-

blasts. J. Biol. Chem . 253: 5820-5824, 1978.

Yamada, K.M. , Olden, K. , and Pastan, I.: Transformation-Sensitive cell

surface protein: Isolation, characterization, and role in cell morphology

and adhesion. Ann. N.Y. Acad. Sci . 312: 256-277, 1978.

Yamada, K.M. , and Kennedy, D.W. : Fibroblast cellular and plasma fibronectins

are similar but not identical. J. Cell Biol . 80: 492-498, 1979.

Hahn, L.-H. E., and Yamada, K.M. : Identification and Isolation of a collagen-

binding fragment of the adhesive glycoprotein fibronectin. Proc. Nat. Acad.

Sci. USA 76: 1160-1163, 1979.

Olden, K. , Pratt, R.M. , Jaworski, C, and Yamada, K.M.: Evidence for role

of glycoprotein carbohydrates in membrane transport: Specific inhibition

by tunicamycin. Proc. Nat. Acad. Sci. USA 76: 791-795, 1979.

Olden, K. , Pratt, R.M. , and Yamada, K.M. : The role of carbohydrate in the

biological function of the adhesive glycoprotein fibronectin. Proc. Nat.

Acad. Sci. USA (In press, 1979).

Pratt, R.M. , Yamada, K.M. , Olden, K. , Ohanian, S.H., and Hascall, V.C:
Tunicamycin-induced alterations in the synthesis of sulfated proteoglycans

and cell surface morphology in the chick embryo fibroblast. Exp. Cell Res .

118: 245-252, 1979.
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Hassell, J.R. , Pennypacker, J. P., Yamada, K.M. , and Pratt, R.M.: Changes
in cell surface proteins during normal and vitamin A-inhibited chondrogenesis
in vitro . Ann. N.Y. Acad. Sci . 312: 406-409, 1978.

Podleski, T.R., Greenberg, I., Schlessinger , J., and Yamada, K.M. : Fibronec-
tin delays the fusion of L, myoblasts. Exp. Cell Res . (In press, 1979).

Colonna, G., Alexander, S.S., Jr., Yamada, K.M. , Pastan, I., and Edelhoch, H.

:

The stability of cell surface protein to surfactants and denaturants. J.
Biol. Chem . 253: 7787-7790, 1978.

Yamada, K.M. : Cell surface marker for malignancy (New and Views). Nature
273: 335-336, 1978.

Yamada, K.M. , and Olden, K. : Fibronectins-adhesive glycoproteins of cell
surface and blood. Nature 275: 179-184, 1978.

Yamada, K.M. , and Pouyssegur, J.: Cell surface glycoproteins and malignant
transformation. Biochimie 60: 1221-1233, 1979.

Yamada, K.M. : Fibronectins : Adhesive glycoproteins of membranes and blood.
Japan Medical Tribune (In press, 1979).
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SUMMARY OF WORK (200 words or less - underline keywords)
Studies have been devoted to determining how the hormonal responsiveness of

the adenylate cyclase system can be altered and regulated. Brief trypsin treat-

ment of intact NRK cells potentiates the ability of isoproterenol and prostaglan-
din E]^ to elevate cyclic AMP levels. Studies utilizing slab gel electrophoresis
indicate that the degradation of a 42-48,000 dalton membrane protein may be in-

volved in the proteolytic stimulation of cyclase activity. Treatment of intact
cells with epidermal growth factor has been shown to inhibit the PGE2_ stimulated
accumulation of cyclic AMP; maximal inhibition is observed with 10-20 ng/ml EGF.

The adenylate cyclase activity of crude CHO membranes is inhibited by low concen-l

trations of calmodulin ; inhibition by calmodulin increases with increasing cell

population density. Of particular interest is the finding that the intracellular
levels of calmodulin determined in supernatant and particulate fractions vary in'

versely with increasing cell population density. Treatment of NRK cells with

picolinic acid causes a time dependent increase in the response to PGE2_ and iso-

proterenol. The enhanced hormonal response is apparently due to a specific po-

tentiation of a GTP-dependent function which modulates hormonal responsiveness ofj

the cyclase system. 154 i
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Project Description:

Objectives : To investigate how adenylate cyclase activity, particularly
its hormonal responsiveness, might be altered and regulated by both intra-and
extracellular agents and events.

Methods Employed : Cell culture, standard biochemical analysis of
adenylate cyclase activity and cyclic AMP levels, and SDS-polyacrylamide gel
electrophoresis.

Major Findings : Studies have been devoted to determining how adenylate
cyclase activity might be regulated in normal fibroblasts growing in culture.
Previously, we have shown that brief limited proteolytic treatment of intact
NRK cells and fibroblast membrane preparations markedly enhances GTP-and GTP
plus hormone-stimulated adenylate cyclase activities. Our present results
indicate that trypsin treatment of intact NRK cells potentiates the intra-
cellular accumulation of cyclic AMP in response to the hormones isoproterenol
and PGE^. To determine which membrane protein(s) are degraded under conditions
which result in proteolytic activation of fibroblast adenylate cyclase membrane
proteins were analyzed after treatment with trypsin or papain by SDS-poly-
acrylamide gradient gel electrophoresis. Such studies indicate that a

protein(s) of 42-48,000 daltons may be altered to elicit activation of

adenylate cyclase.
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Other studies have dealt with the down regulation of the catecholamine
response in NRK cells. Hormonal binding studies indicate that the g-receptor
is not lost under conditions which lead to the loss of hormonal responsiveness.
Further, intact cells can be resensitized to respond to isoproterenol within

30 to 60 minutes after removal of hormone by extensive washing. This resensi-
tization is not blocked by the presence of cycloheximide or actinomycin D.

These results suggest that in the desensitized state the 3-receptor is un-
coupled from the catalytic unit of adenylate cyclase by a mechanism which can

be reversed without a requirement for new protein synthesis.

Epidermal growth factor (EGF) was shown to cause a concentration-depen-
dent inhibition of PGE, -stimulated accumulation of cyclic AMP in fibroblastic
NRK-CI2-T cells. Maximal inhibition is observed with 10 to 20 ng/ml EGF.

Additional studies are required to elucidate the mechanism of action of EGF

alteration of hormonal responsiveness.

Cell-free activation of CHO adenylate cyclase by cholera toxin requires
the presence of ATP, GTP, and NAD"*" for optimal stimulation; a 20 to 30 fold

enhancement of cyclase activity can be observed. Of interest is the finding

that these activation conditions result in a cyclase system which is highly
sensitive to inhibition by GTP and Gpp(NH)p. The mechanism by which these
guanyl nucleotides now inhibit cyclic AMP formation requires further study.

Low concentrations (6 to 600 ng/ml) of the Ca^""" binding protein Calmodulin
(CaM) inhibit the adenylate cyclase activity of crude CHO membranes. With
increasing cell population density there is a significant increase in the

ability of CaM to inhibit cyclase activity. Of interest is the finding that

the intracellular levels of CaM determined in the 2,000 g supernatant and

particulate fractions vary inversely with increasing cell population density.
This suggests that possible changes in the distribution of CaM between super-
natant and particulate forms may serve as a regulatory mechanism for activi-

ties under CDR control.

We have also found that CHO cells are responsive to gonadotropic hormones
(FSH and hCG) . Of particular interest is the finding that when CHO cells are
grown under defined, serum-free conditions the ability of hCG to increase
cyclic AMP levels is dramatically potentiated. Cyclic AMP levels are increased
'^^50-fold by 500 ng/ml hCG in CHO cells grown in serum-free conditions as

opposed to a 3-fold increase with 10 pg/ml hCG in cells grown with 10% fetal

calf serum. These results suggest that either serum interfers with the hor-
mone-stimulation of cyclic AMP production or the presence of serum causes a

decrease in the number of hormone receptor sites.

Studies by Dr. George Johnson show that NRK cells growth anested by

picolinic acid and isolencine deprivation exhibit an increased response to

certain agents (i.e. PGE]^, isoproterenol, and cholera toxin) which elevate
intracellular cyclic AMP levels. The results of recent studies indicate
that the enhanced hormonal response is apparently due, at least in part, to

increased adenylate cyclase activity. Adenylate cyclase activities measured
in the presence of GTP, GTP plus PGE^^ , and GTP plus isoproterenol are in-

creased 2 to 3 fold in membranes prepared from treated cells. In contrast,
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basal activity and activity determined in the presence of fluoride are only
marginally potentiated (10-25%). These results suggest that the treated
cells have an increased amount of an active GTP-dependent function required
for hormone and cholera toxin stimulation of adenylate cyclase.

N-alkyl, N-nitrosourea-containing compounds have been shown by others to

express both antitumor and carcinogenic effects. Treatment of intact NRK
cells with streptozotocin or chlorozotocin results in a time-dependent
increase in the ability of PGE^ and isoproterenol to elevate cyclic AMP levels
without appreciable change in Basal cyclic AMP levels. This increased
hormonal response also appears to be due to enhanced GTP-dependent functions
of the adenylate cyclase system.

Significance for Biomedical Research and the Program of the Institute ;

The intracellular concentration of cyclic AMP appears to influence many
aspects of the behavior of cultured fibroblasts, including cell growth rate.

A number of transformed cell lines show altered responsiveness to hormones.
Thus, it is of importance to understand how the activity and hormonal
responsiveness of the adenylate cyclase system might be altered and regulated
to, in turn, influence such cellular properties as growth rate and morphology.
Such studies should lead to a better understanding of how this enzyme is

modulated during various stages of cell growth and differentiation and follow-
ing viral transformation.

Proposed Course : We will continue to elucidate the regulatory properties
of the adenylate cyclase system. Further studies are required to elucidate
the mechanism by which certain proteolytic enzymes activate adenylate cyclase
and elevate cyclic AMP levels. Studies will continue in an attempt to define
how serum and other factors act to alter cyclic AMP metabolism and hormonal
responsiveness. We will also investigate how picolinic acid treatment of

cells potentiates the GTP-dependent activities of the cyclase system. Myo-
blasts in culture will be used to determine cyclic nucleotide effects on the

biological properties of these cells and to study the effect of intra-and
extracellular agents and events on cyclic nucleotide metabolism with these
cells.

Publications

Anderson, W.B., Jaworski, C.J., Gallo, M. , Pastan, I., and Pouyssegur, J.:

Adenylate Cyclase in a Fibroblast Mutant Defective in Glycolipid and Glyco-
protein Synthesis. Nature 275: 223-224 (1978).

Anderson, W.B, and Jaworski, C.J.: Adenylate Cyclase Activity of Normal and

Transformed Fibroblasts in Culture. Natl. Cancer Inst. Monogr . 48: 365-374

(1978).

Evain, D. and Anderson, W.B. : Gonadotropin Stimulation of Cyclic AMP Levels
in Chinese Hamster Ovary Cells in Culture. J. Cell Physiol . 99: 153-158

(1979).
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Anderson, W.B. , Wilson, J., Rechler, M.M. and Nissley, S.P.: Effect of
Multiplication Stimulating Activity (MSA) on Intracellular Cyclic AMP Levels
and Adenylate Cyclase Activity in Chick Embryo Fibroblasts. Exp. Cell Res .

(In press, 1979) .

Anderson, W.B. and Jaworski, C.J.: Isoproterenol-Induced Desensitization of

Adenylate Cyclase Responsiveness in a Cell-Free System. J. Biol. Chem.

(In press, 1979) .

Evain, D, , Gottesman, M. , Pastan, I., and Anderson, W.B.: A Mutation
Affecting the Catalytic Subunit of Cyclic AMP Dependent Protein Kinase in

CHO Cells. J. Biol. Chem. (In press, 1979).
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SUMMARY OF WORK (200 words or less - underline keywords)

Cultured Mouse fibroblasts which are transformed by RNA viruses, a DNA
virus or a chemical agent, all secrete a 35,000 M polypeptide (major excreted
protein , MEP) in large amounts. Nontrans formed murine fibroblasts secrete this
protein in much lower amounts. We have purified this protein and prepared anti-
sera against it. The protein, of unknown biologic function, undergoes extensive
modification prior to secretion. We are studying this system as a model of
regulation of protein synthesis

, processing and secretion as it is affected by
transformation and agents which mimic the transformed state, such as tumor
promoters

.

159
PHS-6040



Serial No. ZOl CB 08715-01 LMB
1. Laboratory of Molecular Biology
2. Gene Regulation Section
3. Bethesda, Maryland 20205

PHS-NIH
Individual Project Report

October 1, 1978 to September 30, 1979

Title: Control of Synthesis of a Transformation-Dependent Secreted
Glycoprotein

Previous Serial No.: New Project

Principal Investigator: M. M. Gottesman, Senior Investigator, Laboratory of
Molecular Biology, DCBD, NCI

Other Investigators: M. Rabin, CoStep (summer), LMB, NCI
G. Vlahakis, Research Biologist, LMB, NCI

M. Sobel, Research Associate, LMB, NCI
F. Cabral, Senior Staff Fellow, LMB, NCI

Cooperating Units: none

Man Years: October 1, 1978 to September 30, 1979

Total: 1.0

Professional: 1.0

Other:

Project Description:

Objectives : To determine the mechanism of the control of synthesis,

processing, and secretion of the major secreted protein of murine fibroblasts

Methods : Cell culture; radiolabelling of cell proteins, electro-
phoretic and chromatographic techniques; iramunoprecipitation; in vitro
translation of mRNAs

.

Major Findings : (1) We have identified a major excreted protein (MEP)

of transformed murine fibroblasts. Synthesis and secretion of MEP is in-

creased in all transformed murine fibroblasts tested when compared to non-
transformed fibroblasts and is well-correlated with anchorage independence,

and hence with tumorigenicity

.

(2) The purified MEP is extremely heterogeneous, with variation in molecular
weight and charge. Some of this variation may be accounted for by variable

glycosylation.

(3) TPA, a phorbol ester and potent tumor promoter, stimulates the synthesis

and secretion of MEP from non-transformed cells. Hence, the appearance of
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MEP is both a marker of transformation and is a sensitive test for at least

one tumor promoter.

References : Gottesman, M.M. (1978) Transformation-Dependent Secretion
of a Low Molecular Weight Protein by Murine Fibroblasts. Proc. Natl. Acad .

Sci . 75, 2767-2771.

Significance for Cancer Research : MEP is both a marker of transforma-
tion and is a sensitive indicator of the presence of at least one tumor
promoter. If human tumor cells are found to secrete a similar polypeptide,
its detection could serve as an aid in diagnosis and therapy of cancer. The
induction of its synthesis by tumor promoters could serve as a screening
test for these agents in the environment. If MEP is found to fill an
essential role in tumor growth or metastasis, then specific therapy aimed
at neutralizing it could be designed. Objective 3, Approach 3.5.

Proposed Course : To continue to analyze the molecular mechanism under-
lying induction of MEP secretion and processing; to determine whether this
phenomenon occurs in other mammalian cells.
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A. (1) We have constructed and cloned several chick collagen specific cDNA

recombinant plasmids. pCOLl hybridizes to pro-C2 collagen RNA only; pC0L3 hybrid

izes to pro-cil collagen RNA only. (2) We have used these cloned cDNAs as hybridi-

zation probes to demonstrate that the levels of pro-al and pro-ci2 collagen RNA

are reduced 20-fold in Rous Sarcoma Virus (RSV) transformed cells. Examination

of collagen RNA in chick cells infected with a mutant of RSV temperature sensi-

tive for transformation indicates that the sarc gene product controls the levels

of pro-ci and pro-a2 collagen RNA in these cells. (3) We have isolated larger

genomic fragments containing portions of the pro-a2 collagen gene.

B. We have determined which site on gal DNA interacts with the cyclic

AMP receptor protein. We find that this site is located between 50 and 25 base

pairs preceding the transcription initiation site. A model has been developed

(in collaboration with Michael O'Neill, Univ. Maryland) which describes the

interactions of CRP with gal , lac and ara DNA.
C. We have demonstrated that the antitermination protein of lambda (N)

recognizes a site outside the p_, promoter of lambda.—R 1^9162
PHS-6040
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Project Description:
Objective : To understand the precise molecular mechanisms which control

the expression of specific genes in bacterial and animal cells.

Methods Employed : Measurements of RNA and protein synthesis _in vivo

and in cell-free systems; synthesis and purification of specific DNA fragments

and RNA species; nucleotide sequence analysis of DNA and RNA; introduction

of segments of animal and bacterial genes in the DNA of bacterial plasmids

and bacteriophage; construction of recombinant DNAs; purification of factors

active in regulation of gene expression.

Major Findings :

A. Regulation of collagen gene expression in normal and transformed cells;

cloning of collagen genes (M. Sobel, S. Adams, T. Yamamoto, E. Awedimento,
G. Vogeli, in collaboration with I. Pastan)

.

1. We have constructed several cDNA recombinant clones corresponding

to 3 'end portions of chick pro-al and pro-ct2 collagen mRNA. Our cloning

method involved enrichment for collagen mRNA, synthesis of double-stranded

cDNA, digestion of double-stranded cDNA with restriction endonucleases;
identification of collagen specific restriction fragments, cloning of these

fragments in the bacterial plasmid pBR322 or use of the collagen restriction

fragments as hybridization probes for screening larger cDNA clones. Two

hybrid plasmids have been most extensively characterized. pCOLl hybridizes

specifically to only pro-ct2 collagen RNA and pC0L3 hybridizes only to pro-al

collagen RNA.
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2. We have used these 2 cDNA clones to characterize collagen RNA levels

in normal and transformed cells. Total cellular RNAs from normal and trans-
formed cells were fractionated on denaturing agarose gel electrophoresis
and the RNAs transferred to diazotized cellulose paper ("Northern" technique).
The RNAs on the paper were hybridized with pCOLl and pC0L3 . pCOLl identifies
a major RNA of 5,000 bases and a minor RNA of 5,700 basis; pC0L3 identifies
a major RNA species of 5,000 bases and a minor RNA of 7,000 bases. The
abundant species are the mature translatable mRNAs for pro-al and pro-a2
collagen mRNA, In chick cells transformed by Rous Sarcoma virus (RSV) the
levels of pro-al and pro-a2 collagen RNA are decreased about 20-fold. In
cells transformed by a mutant of RSV temperature sensitive for transformation,
shift from the permissive (35 ) to the non-permissive temerapture (41 )

induces the synthesis of both pro-^'l and pro-ct2 collagen RNA. The increase
is slow during the first 10 hours and faster after that time. Hence the
sarc gene product controls—directly or indirectly— the levels of pro-^l
and pro-'^2 collagen RNA in chick fibroblasts, probably at a transcriptional
step.

3. We have also used the two collagen cDNA clones to screen and purify
large genomic fragments containing pro-°'l and pro-a2 collagen DNA sequences.
We screened a library of chick genomic fragments constructed by D. Engel,
R. Axel and J. Dodson in the lambda vector, Charon 4A. One clone, containing
pro-<^2 sequences, was more extensively characterized. This recombinant
contains the distal third (3') of the coding sequences for pro-a2 collagen.
At least seven intervening sequences interrupt the linearity of the coding
information. We are using this latter clone to screen new recombinants
which contain sequences more proximal to the 5

' end of the mRNA coding sequence
for pro-ct2 collagen.

B. Studies on the regulation of the galactose operon of E. coli (B. deCrom-
brugghe, T. Taniguchi, R. diLauro)

.

1

)

We have previously demonstrated the existence of two overlapping
promoters P. and P„ which control the genes of the galactose operon. One
promoter requires cyclic AMP (cAMP) and its receptor protein (CRP), the
other functions in the absence of cAMP-CRP and is inhibited by these factors.
The existence of these two promoters provides a molecular basis for the

dual role of galactose in cellular metabolism. Galactose can serve as a

general carbon source, but under the form of UDP-galactose it is also a

precursor for cell wall biosynthesis. The two promoters probably ensure
a constant basal level of UDP-galactose-epimarase (the enz3me which converts
UDP-glucose to UDP-galactose or vice-versa) regardless of the fluctuations
in the intracellular cyclic AMP concentrations.

2) The operator of the gal operon is located 60 base pairs preceding
the P startsite for transcription, in contrast to the location of the oper-
ator m other bacterial or bacteriophage systems. In the latter systems
the repressor binds more closely to the respective initiation sites and
directly blocks the formation of a stable RNA polymerase-promoter complex.
The location of the operator in gal could explain the partial leakiness
of the operon in the absence of inducer.

3) We have established that CRP interacts with gal DNA between 50

and 25 base pairs preceding the P initiation site. The location of this

site strongly suggests that protein-protein contacts between CRP and RNA
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polymerase play an important role in establishing a stable initiation complex
at the P. promoter. Comparison of the sequence of the gal CRP site with
that of the lac CRP site (located 50 base pairs preceding the lac initiation
site) suggests a common sequence recognized by CRP.

C. In collaboration with Max Gottesman, B. de Crombrugghe and M. Mudryj
have established that antitermination by the bacteriophage lambda N protein
at the lambda T^,, terminator site occurs even when the lambda promoter P„
is removed and replaced by another promoter, like the gal promoter. The
sequence information needed for N recognition thus lies outside the X promo-
ters. The specificity element for N recognition is probably determined
by a 17 base pair sequence called NUT; which is located at a distance and
downstream from the P and P promoter sequences.

Significance for Cancer Research and the Program of the Institute : The
E^. coli galactose operon is an excellent model for complex genetic regulatory
mechanism. We anticipate that stimilar complex controlling mechanisms regu-
late gene expression in animal cells. Our other studies using normal and
cancerous cells compare the activity of specific genes, encoding proteins
which are important for the interactions between cells. Such studies aim
at establishing the molecular mechanisms which regulate the activity of
these genes.

Proposed Course :

A. Isolate the entire gene for pro-ci2 collagen; reintroduce this gene
in animal cells and study its expression; construct recombinants containing
the collagen promoter and a structural gene coding for a dominant marker;
mutagenize the collagen promoter by site specific mutagenesis; study the
effect of the sarc gene product or genes encoding other growth factors ofl
expression of intact or mutated recombinants.

B. Obtain additional promoter mutants in the galactose operon by site
specific mutagenesis and analyse these by a variety of functional tests.

Publications:

Howard, B.H., Adams, S.L., Sobel, M.E., Pastan, I. and de Crombrugghe, B.:

Decreased Levels of Collagen mRNA in Rous Sarcoma Virus Transformed Chick
Embryo Fibroblasts. J. Biol. Chem . 253, 5869-5874, 1978.

de Crombrugghe, B. and Pastan, I.: Cyclic AMP, The Cyclic AMP Receptor
Protein and Their Dual Control of the Galactose Operon. In The Operon

,

Cold Spring Harbor, N.Y. Reznikoff and Miller (Eds.), pp. 303-324, 1978.

Sobel, M.E., Yamamoto, T., Adams, S.L., diLauro, R. , Awedimento, V.E.,
deCrombrugghe, B. and Pastan, I.: Construction of a recombinant bacterial
plasmid containing a chick pro-ci2 collagen gene sequence. Proc. Natl. Acad,
Sci. 75: 5846-5850, 1978.
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diLauro, R. , Taniguchi, T. , Musso, R. and de Crombrugghe, B.: Unusual loca-

tion and function of the operator in the E. coli galactose operon. Nature

(1979) in press.

Adams, S.L., Alwine, J.C, de Crombrugghe, B. and Pastan, I. Use of recom-

binant plasmids to characterize collagen RNAs in normal and transformed

chick embryo fibroblasts. J. Biol. Chem . (1979) in press.

Yamamoto, T. , Sobel, M.E., Adams, S.L., Awedimento, V.E., diLauro, R.
,

Pastan, I. and de Crombrugghe, B.: Construction of a recombinant bacterial

plasmid containing a chick pro-al collagen gene sequence. J. Biol. Chem .

(1979) in press.
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We have been investigating nucleic acid structure involved in the control
of transcription initiation, termination, and post-transcriptional processing
and modification of various RNA transcription products. Using a number of

lamdoid transducing phages we have been able to examine the relationship between
regulatory function and DNA sequence in several bacterial and viral operon con-
trol regions. The characterization of mutants which affect both transcriptional
and translational expression in these regions has afforded information on the

precise molecular events which lead to control element function.
In addition, we have used a variety of defined prodaryotic mRNAs to exa-

mine the requirements for translation of these transcripts in a eukaryotic cell-
free system. Our results indicate that analogous to many aukaryotic mRNAs,
efficient translation of the prokaryotic mRNAs is obtained only upon modifica-
tion of their 5' termini with a 7-CH3-guanosine "cap" structure.

In collaboration, we have also been characterizing a 172 bp DNA segment
which is repeated millions of times in the genome of the African Green Monkey.
These sequences are also found recombined into the genomes of certain defective
variants of Simian Virus 40. Several defective virions are presently under stud|y
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Project Description:

Objectives : 1) To examine the relationship between function and DNA

structure involved in the control of transcription initiation, termination,

and post-transcriptional modification of RNA.

2) To examine nuclei acid structure and function of IS2 type insertion

elements found in the bacterial genome.

3) To examine certain highly reiterated DNA sequences in the monkey

genome and their interaction with simian virus 40.

4) To investigate the ability of defined bacterial and phage mRNAs to

be efficiently translated in eukaryotic cell-free systems.

5) To develop new techniques which can be applied to both these studies

and to the general examination of nucleic acid structure in other biological

systems.

Methods Employed : Purification of specific RNA transcripts synthesized

either ^ vivo or iri vitro ; nucleic acid sequence analysis of both RNA and

DNA; primed extension of RNA transcription products with deoxyribonucleotides

:
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isolation of protein factors involved either in the processes of transcrip-

tional termination or post-transcriptional modification of RNA; isolation of

purified DNA restriction enzymes and their employment in obtaining specific
purified fragments of both viral and cellular DNAs

.

Major Findings : 1) The nucleic acid primary structure at the termini
of the bacteriophage T7 "early" mRNAs synthesized both in vivo and in vitro
have been examined. The sequence information obtained supports a model for

transcription of the "early" region in which a high molecular weight precur-
sor RNA molecule is post-transcriptionally processed to yield monocistronic
messengers. The processing agent is a host specific endonuclease, Ribo-
nuclease III, which is also involved in the post-transcriptional processing
of a ribosomal RNA precursor in E^. coli . Thus, it was shown that the T7

"early" RNAs are direct products of RNase III cleavage of a large poly-
cistronic precursor molecule.

In addition, we demonstrated that the 3 '-termini of the processed RNAs

contained sequence heterogeneity arising from the addition of several (up to

5) adenylate residues to the 3 '-end. These A additions appear to be a non-
template specified, post-transcriptional, post-processing, modification of

the RNA.

In an effort to further elucidate the mode of action of RNase III in

the processing event, as well as examine the entire structure of an inter-
cistronic region of the phage, we have now isolated and sequenced an RNA
fragment which traverses the region between two adjacent "early" T7 genes

(thereby spanning an RNase III cleavage site)

.

Sequence analysis of this fragment indicates that the processing enzyme
produces a single endonucleolytic cleavage in this region giving rise direct-
ly to the GO. 3 and GO. 7 mRNAs. In addition, the 3 '-terminal adenylic acid

residues observed previously on the in vivo T7 early RNA species were not

found in these fragments and, therefore, must represent a post-transcrip-
tional, post-processing modification of the RNA.

The secondary structure of this region is also quite characteristic.
Two relatively stable base-paired stretches of RNA adjoin the cleavage site

in a somewhat symetrical arrangement. These double-stranded regions appear
to be required for recognition of the cleavage site by RNase III, The site
of scission however is located in a small region of RNA set between the

double-stranded regions.

2) The nucleic acid structure of the 3 '-terminal regions of a number of

RNA transcripts synthesized in vitro from X and X gal transducing phages are

being examined. These RNAs represent both independently terminated trans-

cription products as well as transcripts requiring the protein factor, Rho

,

for their termination. Sequence analysis at the 3 '-ends of some of these

products has indicated:
a) that all of the transcripts examined possess similar degrees of 3'-

terminal sequence hetereogeneity which consisted predominately of the addition

of 1 to 5 adenylate residues to the 3 '-terminus of the transcript and b) that

rho factor enhanced termination results in a definite structural change in
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the nucleotxde sequence with which an RNA molecule can terminate.

In addition, we have developed a new methodology for examining the
nucleic acid structure in the untranscribed portion of the DNA immediately
adjacent to the 3 '-terminus of an RNA transcript. This technique has been
applied to the determination of sequence information throughout the entire
termination region of these transcription products. Little structional
homology is apparent in the template DNA beyond the 3 '-ends of these tran-
scripts. The lack of homology suggests that this region might not be impor-
tant to the termination process. Thus, the majority of the encoded termin-
ation signal is transcribed into RNA.

More recently we have determined the DNA sequence surrounding and

examined termination at a totally rho dependent site (t^i) in bacteriophage
X. The DNA composition at t^-. is 75% AT base pairs and termination occurs
heterogeneously over four adjacent base pairs. No GC rich or U rich sequence
is found at the 3 'OH end of the RNA. This sequence is quite different from
other transcripts that terminate independently of Rho. However, there is a

stable base-paired stem and loop structure near the end of this RNA.

In the absence of Rho factor with normal transcription conditions (i.e.
37° and high triphosphate levels) , RNA polymerase undergoes a substantial
pause at this site. A mutation, cnc , that interferes with base pairing in

the stem and loop, has two effects on transcription: RNA polymerase does not

pause in the absence of Rho and transcription does not terminate in the

presence of Rho . This suggests that the stem and loop induces RNA polymerase
to pause, and that a paused poljmierase is important for Rho action.

We have not completed a far more extensive characterization of the

entire intercistronic region in which this termination site is positioned.
A number of related transcriptional and translational regulatory elements
have been defined in this region. More mutations affecting terminator func-
tion have been characterized. In addition, we have defined a site (NutR)

located immediately preceeding the terminator which is apparently involved
in anti-termination function. We have shown that the viral function, N, acts
in some way to prevent termination (i.e. anti-terminate) at the t^2_ site

thereby allowing for the quantitative and temporal control of transcription
through this intercistronic region (i.e. transcription attenuation). Our

data indicate that the Nut R site compriser an "^ 17 nucleotide sequence
which displays a hyphenated two fold rotational symmetry. This site is in

some way involved in N protein recognition prior to the action of N at the

various downstream termination sites.

3) The c_17 mutation of bacteriophage \ is known to create a new pro-
moter wite within the \ genome for transcription by the host RNA polymerase.

We have determined the nucleic acid sequence and examined _in vitro RNA tran-

scription in the region within and surrounding the c_17 promoter. Structural
analysis indicated that the new promoter is created by a tandem DNA dupli-
cation of nine consecutive base pairs which comprise part of a rho-dependent
termination signal (tj^^^) in the X genome. Polymerase protection studies
indicate that the t-^j^ terminator region, positioned 15-50 residues 5' to the

c_17 initiation site, overlaps with the cl7 promoter and possibly serves as a
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recognition signal for those polymerase molecules which start transcription

at the c_17 promoter. The 9 bp DNA duplication uniquely creates a "heptamer"
sequence, TATAATT, (similar to those found in other promoter sites) at the

junction of the repeat. Our studies indicate that RNA polymerase will bind
efficiently at this site and initiate transcription 6 bp to the right of this

heptamer sequence with a cytidine triphosphate (CTP) . Although potential
purine startpoints occur 4 and 8 bp from the heptamer, little if any initia-
tion occurs from these sites. This suggests that at the c^l? promoter the

steric constraints on promoter function outweigh the necessity for RNA poly-
merase to initiate transcription with a purine triphosphate. A number of

secondary mutations which effect the £^17 promoter (kindly supplied by the

laboratories of D. Wulff and D. Friedman) are presently under study.

4) The galactose operon of E^. coli is subject to both negative control

by gal repressor and positive control by cAMP and its receptor protein (CRP)

.

We have sought to define the nucleotide sequence of the promoter-operator
sites responsible for gal regulation. Analysis of transcripts of restriction
fragments combined with direct DNA sequencing enabled us to derive the

sequence for the gal regulatory region. Cleavage by restriction endonuclease
Hin f abolishes cAMP-CRP dependent but not CRP independent transcription.
Formation of a cAMP-CRP dependent preinitiation complex prevents cleavage by
Hin f. Thus the region upstream of the Hin f site is important for cAMP-CRP
stimulation of transcription. This region contains sequence similarities
with the CRP recognition site of lac . One gal operator constitutive mutant
is resistant to Hin f cleavage suggesting the operator may include at least
part of the Hin f site. Further analyses are required to confirm this

possibility.

5) Between 10 and 20 percent of the genome of the African Green monkey
is a singly highly repetitive class of DNA termed a-component. The bulk of

the a-component consists of long tandem repeats of a segment that is 172 bp

in length. A single endo R Hindlll site occurs within most of the 172 bp

repeats permitting isolation of the monomeric unit. An unambiguous sequence
defining the most abundant nucleotide at each of the 172 positions in the

monomer has been determined by both direct DNA and cRNA-fingerprint methods.
However the data indicate that the many repeats of the 172 bp monomer unit

are not identical. Thus, the highly repeated DNA component is a set of

closely related sequences differing from one another at one or a few residues:

The sequence divergence appears to be nonrandom. Neither the number of

members in the set nor their relative frequency is known. The data do show

that the most abundant residue at each position occurs in at least 90 percent
of the members of the set. Nevertheless, it is important to note that the

determined sequence may not represent the structure of any member of the set.

Some of the defective variants of SV40 that arise upon high multiplicity
serial passage of virus in African Green monkey cells contain covalently
linked monkey and wild type viral DNA sequences. In a large proportion of

these recombinant (substituted) variants a portion of the monkey DNA is

homologous to a-component. We have compared the nucleotide sequence of the

monomer of a -component with that of the homologous sequences in two inde-
pendently derived defective variants. In each of the two variants the
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homologous sequences differ from one another in length and are less than a

complete copy of the 172 bp fragment but represent overlapping portions of

the monomer. Within the region of the monomer common to both defectives
there are variations in sequence in a few residues, suggesting that different
members of the set of sequences comprising the monomer may have been incor-
porated in each case. In several instances the sequence data define joints
between a-component monomer sequence and other sequences. In some cases the
joints are with wild type SV40 DNA and in others the jointed component may
represent low reiteration frequency monkey DNA.

The mechanism(s) by which the SV40-monkey recombinants arise is not
understood. Both hybridization experiments and sequence data show that the
monomer has no extensive homology to wild type SV40 sequences: there are

however short regions of homology near the joints as well as in other regions
of the monomer. These homologies as well as certain other features of the

sequences surrounding the joints may be involved in the recombinational
events leading to formation of defective viruses.

6) Utilizing defined bacterial and phage mRNAs transcribed in vitro
from a variety of lambdoid phages, we have investigated the relationship be-
tween the modification of 5' triphosphate end of these transcripts with a

7-methyl-guanosine moiety (i.e. "cap" structure) and the translational
efficiency of these prokaryotic mRNAs in wheat germ cell-free extracts. Our

results demonstrate an almost absolute requirement for the "cap" structure
to obtain efficient translation of the prokaryotic transcripts. The pro-
karyotic mRNAs containing the "cap" are, in fact, translated as or more
efficiently than hemoglobulin mRNA on a per mole basis. It appears that all

the structural information necessary for proper and efficient recognition
and translation of prokaryotic mRNAs using eukaryotic components is encoded
in the prokaryotic transcript except for the presence of the 5' 7-methyl
guanosine modification. This implies strong evolutionary constraints on

the RNA structure which is used for ribosome recognition and translation
initiation, as well as similar constraints on those parts of the ribosome
which must interact with this RNA structure.

Significance for Cancer Research and the Program of the Institute :

National Cancer Plan Objective 3, Approach 1. The regulation of gene

expression in both prokaryotic and eukaryotic systems involves numerous and

complex structural and functional interactions between nucleic acids and

proteins. It is highly probable (and experimental evidence increasingly
supports the contention) that many of the nucleic acid fine-structure inter-

actions which occur on the prokaryotic level have basic similarities to

analogous type interactions known to occur in higher cells. Our studies

involve the determination of the nucleic acid structure involved in the

control of the initiation and termination of transcription by RNA polymerase

and the post-transcriptional processing of certain RNA species by specific

endonucleases (e.g. RNase III) in both bacterial and related viral systems.

The elucidation of these transcriptional processes and their regulatory ele-

ments will be a basis for understanding similar processes occurring in

eukaryotic cells (both normal and transformed) and virus (oncogenic and

other)

.
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Proposed Course : To examine the mechanisms by which RNA transcripts are

initiated, terminated and subsequently processed during the cellular and

viral life cycle and to investigate further the structure-function relation-
ships involved in a variety of nucleic acid-protein interactions.
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(In press)

.

173



Serial No. ZOl CB 08701-05 LMB

Wulff, D.L. , Beher, M. , Izumi, S., Beck, J., Mahoney, M. , Shimatake, H.

,

Brady, C. , Court, D. and Rosenberg, M. : Structure and function of the cY

control region of bacteriophage lambda. J. Mol. Biol . (In press).

Court, D. , Wulff, D.L. , Brady, C. and Rosenberg, M. : Control of trans-

cription termination — A rho-dependent termination site in phage lambda.

J. Mol. Biol . (In press).

Paterson, B.M. and Rosenberg, M. : Efficient ranslations of prokaryotic

mRNAs in a eukaryotic cell-free system requires addition of a cap structure.

Nature (In press)

.

Rosenberg, M. and Paterson, B.M. : Efficient cap-dependent translation of

polycistronic prokaryotic mRNAs is restricted to the first gene in the

operon. Nature (In press)

.

174



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 08702-18 LMB

PERIOD COVERED

October 1, 1978 through September 30, 1979

TITLE OF PROJECT (80 characters or less)

Endocytosis in the Thyroid Gland

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: S. H. Wollman Head, Cell Organization Section LMB NCI

COOPERATING UNITS (if any)

None

lab/branch

Laboratory of Molecular Biology
SECTION

Cell Organization Section
NSTITUTE AND LOCATION

National Cancer Institute, Bethesda. Maryland 20205
TOTAL MANYEARS: PROFESSIONAL: OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) HUMAN SUBJECTS

D (al) MINORS D (a2) INTERVIEWS

(b) HUMAN TISSUES § (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

The typical thyroid epithelial cell can take in colloid from the

follicular lumen by macropinocytosis

.

It can also phagocytose red blood
cells. We propose to study the mechanism of these processes by electron
microscopy, histochemistry and related techniques.
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Principal Investigator: Seymour H. Wollman
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Project Description:

Objectives : To determine mechanism of thyroid hormone release, and
more generally, endocytotic properties of typical thyroid epithelium.

Major Findings : None

Significance for Cancer Research and the Program of the Institute :

This project fits most clearly under Objective 3, Approach 5, having to

do with properties of the cell surface.

Proposed Course : To be resumed in the future.

Publications: None

176



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 08703-27 LMB

PERIOD COVERED
October 1, 1878 through September 30, 1979

TITLE OF PROJECT (80 characters or less)

Thyroid Hormone Synthesis and Storage

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: S. H. Wollman

Other: 0. Tachiwaki

Head, Cell Organization Section LMB NCI

Visiting Fellow LMB NCI

COOPERATING UNITS (if any)

None

lab/branch

Laboratory of Molecular Biology
section

Cell Organization Section
institute AND LOCATION

National Cancer Institute, Bethesda, Maryland 20205
TOTAL MANYEARS:

1

PROFESSIONAL:

1

CHECK APPROPRIATE BOX(ES)

(a) HUMAN SUBJECTS

D (al) MINORS G (a2) INTERVIEWS

n (b) HUMAN TISSUES } (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

This project has as its objectives to learn about: (1) The mechanism by
which the thyroid gland maintains a concentration of iodide elevated above that
of the blood, and (2) The mechanism by which the thyroid gland forms and accumu-
lates protein-bound iodine.

The work is largely based upon in vivo studies and makes use of autoradio-
graphy, cytochemistry at ultrastructural level, kinetic studies, and inhibitors
of steps in the synthesis of thyroid hormones.
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Project Description:
Objectives : To learn about the mechanism of synthesis and storage

of thryoid hormones.

Major Findings : In a very hyperplastic thyroid gland follicular limens
are narrowed and thyroglobulin is depleted from the lumens. If one induces
involution of the gland, the lumens dilate. We have found that within one
day after induction of involution there is an enormous accumulation of exo-
cytotic vesicles containing newly synthesized thyroglobulin interfollicular
epithelial cells.

Proposed Course : To be continued.

Significance for Cancer Research and the Program of the Institute :

Some of the work reported here may best be put into Objective 3, Approach 5

because they give information on properties of cell surface and cell membranes,

Publications: None
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SUMMARY OF WORK (200 words or less - underline keywords)

To study the thyroid growth and the production and properties of trans-

plantable thyroid tumors in the rat: changes occurring during growth,

hyperplasia and involution
,
growth and properties of thyroid cells and thyroid

tumor cells in culture.

We are also studying a variety of types of cells just recently recognized

to be present in the normal thyroid gland and which may be the cells of origin

of some of the different histologic types of thyroid tumors which have been
observed in the past.
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Project Description:
Objectives : To study thyroid growth and the production and properties

of transplantable thyroid tumors in the rat: changes occurring in the thyroid
during growth, hyperplasia and involution. We are also trying to grow normal
thyroid epithelium in vitro .

Objectives at present : To study thyroid growth: especially changes
occurring during the development of thyroid hyperplasia. We are also studying
the properties of primary cultures especially of the thyroid epithelial
cells arranged in follicles in suspension.

Methods Employed :

Hyperplasia : Hyperplasia was produced in rat thyroid gland by feeding
the goitrogen, thiouracil. Various details of the nature of the growth
process were examined by light and electron microscopy.

Involution : (With Herveg and Tachiwaki). Involution of the hyperplastic
thyroid gland was induced by removing the diet containing a goitrogen and

feeding the rats a diet with high iodine content.

Tissue Culture : Thyroid gland was dissociated by collagenase treatment.

Small clusters of epithelial cells were isolated from the dissociated tissue

by differential centrifugation followed by filtration through fine nylon
mesh. Clusters were cultured while they adhered to the surface of a disk
or in suspension and their properties were examined by electron microscopy.

Results : Mitosis (with Zeligs): The ultrastructure of mitotic capillary
endothelium was examined in the growing thyroid of the rat. There were

changes in the character and position of some organelles during mitosis
that resembled changes in the mitotic epithelial cell; for example, lysosomes
formed clusters, Golgi areas were made up primarily of 70 nm vesicles with

some small saccules. Rough endoplasmic reticulum frequently occurred as
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shorter segments than in interphase cells. During cytokinesis the mitotic
cell maintained contact with neighboring cells, but in the region of the

furrow a small gap was occasionally seen. This may explain, in part, the

leakage of red blood cells sometimes seen in growing capillaries and capillary
sprouts.

Tissue Culture (with Nitsch) : Mitosis could be induced by pure TSH
in the principal thyroid epithelial cell arranged in separated follicles

in suspension culture. This occurred in the absence of fibroblasts and

endothelial cells and indicates that TSH is a mitogen and that other organ-

elles are not required for its action. This epithelial cells seems to differ

in its requirements from those of fibroblasts in that spreading is not required
for mitosis.

Thyroid follicles in suspension culture are quite stable in 0.5% serum
but undergo inversion in 5% serum. One mechanism for the inversion is by
reversal of the polarity of the individual epithelial cells. Inverted folli-

cles have enlarged lumens of low electron density. The epithelial cells

are clearly able to pump water from their apical surface out their base.

This property appears to have as a function keeping thyroglobulin solution
concentrated in the follicular lumen.

Involution of the hyperplastic thyroid (with Herveg and Tachiwaki):
When the rat thyroid is stimulated for 3 weeks to become hyperplastic it

has a grossly enlarged capsule containing an abundance of Ijrmphocytes and

grossly englarged capillaries. When involution is induced there is a rapid
loss of mass and DNA for about 8 days after which these parameters plateau
at a level much greater than in controls. The DNA loss is due largely to

a loss of the capsule. The weight loss is due to loss of the capsule and

the blood in the capillaries. The extra mass above that in controls is

at least partially due to the epithelial cells that accumulate during the

development of hyperplasia and which have a long life. There are gross

changes in nuclei and nucleoli in both epithelial cells and endothelial
cells during involution. There is also a rapid accumulation of colloid
in follicular lumens. The large size of many lumens is due to fusion of

pairs of neighboring follicles with the elimination of the wall of cells

separating their lumens.

Proposed Course : I plan to continue the above studies of hyperplasia.

Publications

:

Wollman, S.H., Herveg, J. P., Zeligs, J.D. and Ericson, L.E.: Blood capillary

enlargement during the development of thyroid hyperplasia in the rat.

Endocrinology 103: 2306-2314, 1978.

Wollman, S.H. and Herveg, J. P.: Thyroid capsule changes during the develop-
ment of thyroid hyperplasia in the rat. Am. J. Pathology 93: 639-654, 1978.

Zeligs, J.D. and Wollman, S.H.: Mitosis in rat thyroid epithelial cells in

vivo. I. Ultrastructural changes in cytoplasmic organelles during the mitotic

cycle. J. Ultrastructure Res . 66: 53-77, 1979.
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Zeligs, J.D. and Wollman, S.H.: Mitosis in rat thyroid epithelial cells
in vivo . II. Centrioles and pericentriolar material. J. Ultrastruct. Res .

66: 97-108, 1979.

Zeligs, J.D. and Wollman, S.H.: Mitosis in rat thyroid epithelial cells
in vivo . III. Cytokinesis. J. Ultrastruct. Res . 66: 288-303, 1979.

Zeligs, J.D. and Wollman, S.H.: Mitosis in rat thyroid epithelial cells
in vivo. IV. Cell surface changes. J. Ultrastruct. Res. (In press, 1979).
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SUMMARY OF WORK (200 words or less - underline keywords)
We are utilizing the Chinese Hamster Ovary (CHO) fibroblast grown J£^ vitro

to study the genetics and biochemistry of some aspects of the behavior of

cultured cells . Our work has emphasized cell adhesion , morphology , response
to cyclic AMP , the role of cell surface antigens , receptors and internalization
of their ligands in cell behavior, and the mechanism of cell transformation
by tumor viruses. We have isolated a variety of different mutants with abnormal
adhesion, abnormal morphology or abnormal response to cyclic AMP and some of

these have been characterized as to their biochemical defects. We are devel-

oping a system for isolating cell mutants resistant to transformation by the

product of the src gene of Rous sarcoma virus . We are using specific antisera
and complement to isolate CHO mutants which have lost specific cell surface
antigens or are unable to secrete specific antigens. We are establishing genera

procedures for the isolation of mutants lacking specific cell surface receptors,

and mutants unable to internalize specific ligands.
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Objectives : To determine by genetic manipulation the cell proteins
and processes needed to maintain cell adhesion, morphology, response to

cAMP , transformation by Rous sarcoma virus, normal receptor function and
internalization of ligands.

Methods: Cell culture; virus infections; isolation of cell behavior
mutants; karyotyping and G-binding; somatic cell hybridization; gene transfer
using DNA and chromosomes; immunologic techniques including immunoprecipita-
tion and complement-mediated lysis of nucleated cells; one and two-dimen-
sional electrophoretic and chromatographic analysis of DNA, RNA and proteins;
enzymologic analyses.

Major Findings :

(1) We have isolated multiple classes of mutants which are resistant
to the morphologic and growth inhibitory effects of increased levels of

cyclic AMP. One major class contains mutants with altered cAMP dependent
protein kinases, indicating that these effects of cAMP in CHO fibroblasts
are mediated through protein kinase. One of these mutants has been shown
to have an altered catalytic subunit of the cAMP dependent protein kinase.
Another class includes mutants which appear to contain normal kinases, and
are presumed to be blocked in more distal steps of cAMP action. We have
used these cAMP mutants to identify 4 proteins in CHO cells which appear
to be sites of action of cA-MP-dependent protein kinase.
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(2) We have isolated several independent CHO mutants resistant to

the anti-mi totic drugs colcemid and griseofulvin. By two-dimensional elect-
rophoretic analysis, these mutants have been shown to contain an altered
3-tubulin. This protein is one of the major components of the microtubular
system of the CHO cytoskeleton. The further characterization of these mu-
tants is in progress.

(3) In order to be able to characterize a large number of independent
CHO mutants isolated because of their altered shape and inability to adher
to substrate, we have begun an analysis of the intermediate filament system
(another component of the CHO cytoskeleton) . We have demonstrated that
these filaments in CHO cells are composed of a specific 58,000 M- Triton-
insoluble protein and that this protein is specifically phosphorylated.

(4) We have begun the purification and characterization of a novel
60,000 M- protein which is thought to be involved in maintenance of cell
shape because it is altered in one of our cytoskeletal mutants.

(5) We have successfully transformed a non-tumorigenic , flat revertant
of our parent CHO cell line using Rous sarcoma virus and demonstrated the
presence of the src gene product in these cells. This cell line will be
used to isolate mutants unresponsive to the src gene product.

(6) We are continuing to synthesize toxic derivatives of ligands (such
as ci -macroglobulin linked to tubercidin) known to bind to CHO surface receptors
and these will be used to isolate mutants lacking these receptors or unable
to internalize the ligand-receptor complexes. As a first step toward charac-
terizing these mutants, we have begun to define the biochemistry of recep-
tor patching and internalization by studying transglutaminase activity in
CHO cells, and have demonstrated that levels of this activity vary with
cell density and are increased by cAMP treatment. We have also isolated
CHO cells resistant to. tubercidin alone, and shown that tub CHO cells arise
at high frequency (10 ) and all mutants fall into a single complementation
group lacking adenosine kinase activity.

Significance for Cancer Research and the Program of the Institute :

CHO cells will cause tumors in appropriate hosts. The identification of
mutant CHO cells with specific defects in cell surface functions and in
regulation of cellular growth and morphology will enable us to determine
whether any of these functions are needed for tumor formation. Once this
information is obtained, specific therapy aimed at neutralizing those cell
surface or cytoskeletal functions required for tumor formation can be de-
vised.

Objective 3, Approach 3.5

Proposed Course : To isolate many classes of mutants with abnormal
cell behavior and determine specific protein alterations in these mutants.
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Publications

:

Cabral, F. and Gottesman, M. : The determination of similarities in amino
acid composition among proteins separated by two-dimensional gel electro-
phoresis. Anal. Biochem . 91: 548-556, 1978.

Rabin, M. and Gottesman, M. : High frequency of mutation to tubercidin-
resistance in CHO cells. Somatic Cell Genetics , in press, 1979.

Evain, D., Gottesman, M. , Pastan, I., and Anderson, W. : A mutation affecting
the catalytic subunit of cyclic AMP dependent protein kinase in CHO cells.

J. Biol . Chem. , in press, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)
C,H/StWi mice were highly susceptible (45% in 8.9 mos.) to mammary carcino-

genesis by DMBA. All preneoplastic lesions were ductal hyperplasias, rather

than hyperplastic alveolar nodules as in MMTV-carcinogenesis and the tumors

were largely ductal papillomas. Virus-specific RNA levels were not increased

over background in the tumors. Immunologic studies thus far have indicated

the absence of virus-specific antigens in the tumors. The cocarcinogenic effect

of the presence of exogenous MMTV is being evaluated in MMTV-infected C„H/StWi

mice. Hybrids between C-H/A^^fB (90% mammary cancer) and C_H/StWi (1% mammary

cancer) and backcross progeny, produced by mating C-H/StWi males with F. females

show significantly reduced mammary cancer incidence, 28 and 8% respectively.

Hybridization analysis for MMTV RNA in lactating mammary tissue from each parent

strain, the F. offspring, and the BC segregants demonstrated MMTV RNA levels

to be 2-3 fold greater in the C H/StWi glands than in C H/A^^fB, however no

MMTV-specif ic translation products were detected in C_H7StWi glands. Trans-

cription levels in Fi and BCi females were indistinguishable, however the pre-
sence of immunologically-detectable MMTV structural proteins seemed to
segregate with the A'^y gene. 187
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Project Description:

Objectives : The aim of the project is to elucidate the cell-virus
interactions in the mouse mammary gland leading to epithelial cell hyper-
plasia and eventually to neoplasia. Multiple factors, including virus,
chemicals, hormonal stimulation of the gland and genetic susceptibility
of the individual, have been identified as playing important roles in the
development of mammary cancer. Therefore our approach includes a multi-
disciplinary analysis of the intracellular events associated with mammary
gland differentiation and development and the role of the mammary tumor
virus and chemical carcinogens in these normal events and those accompanying
preneoplasia and neoplasia in the mammary epithelial tissue. We have
initiated investigations into the role of chemical carcinogens in mammary
cancer to determine whether they operate synergestically or independently
of the tumor virus and whether chemicals have different targets within the
tissue than the virus. To this end we are evaluating a new mouse model
for experimental breast cancer, which gives promise of greater relevancy
to the human condition. Special emphasis will be given to the physiological
state of the epithelial tissue in relation to its response to the carcinogenic
agent, whether virus or chemical.
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Major Findings : Earlier work in our laboratory has shown that intra-

cytoplasmic A particles (CAP), long associated with mouse mammary cancer,
are intracellular mammary tumor virus nucleocapsid structures. These parti-
cles were found to possess as structural components polyproteins (P80) con-
taining the translation products of the MMTV gag (P27 ,pp23 ,P14 ,P10) sequences.
Processing of these polyproteins may be simulated in vitro with various
proteases indicating that the tertiary structure i.e. folding of the poly-
protein into the morphological structure recognized as the A particle is

important for correct cleavage during maturation. Single-stranded DNA and
RNA have also been found associated with highly purified intracytoplasmic
A particles. Molecular hybridization of I-labeled A particle DNA to

either MMTV RNA or cDNA or MuLV RNA or cDNA showed that the DNA did not
represent sequences homologous with either virus genome. In addition, al-
though I-CAP DNA readily hybridized to mouse DNA, it would not reasso-
ciate to itself under aqueous conditions. By applying the phenol emulsion
reassociation technique (PERT), which accelerates DNA reassociation roughly
1000 fold, CAP DNA was found to reassociate with itself and mouse DNA in

a manner indistinguishable from a random sample of mouse DNA. On the other
hand, CAP RNA was found to completely protect MMTV cDNA, thus to possess
sequences homologous to the complete MMTV genome. Our conclusion from these
results is that A particles incorporate MMTV RNA and bind cellular DNA;

the significance of the presence of single-stranded cellular DNA is as yet
unclear. Studies to ascertain the DNA unwinding of properties of A particle
proteins are underway. Manuscripts describing our work on CAP proteins
and nucleic acids have been accepted for publication.

Studies with Dr. Barbara Vonderhaar, LPP, DCBD, have demonstrated that

virgin mouse mammary epithelial cells are unable to make specific milk pro-
teins, alpha-lactalbvimin and casein, in the presence of insulin, hydrocorti-
sone and prolactin when their DNA synthesis in inhibited by cytosine arabino-
side or 5-fluorouridine. However, they are able to cytologically differ-
entiate and to take on the ultrastructural appearance of secretory cells.

Further investigation with the help of Dr. Jeffrey Rosen, Baylor University,
has shown that casein messenger RNA is made at the same levels in the blocked
cells as in unblocked controls. This demonstrated that the block was appar-
ently post-transcriptional possibly post-translational. Primiparous non-
pregnant glands were not blocked from synthesizing ct-iactalbumin or casein
by DNA inhibitors suggesting that one pregnancy satisfies some requirement
wherein de Novo DNA synthesis is not required for complete response to the

hormonal stimulation for differentiated function. Immunoperoxidase studies
have been initiated to quantitatively and qualitatively determine which
mammary epithelial cells are capable of synthesizing casein under our experi-
mental conditions in the virgin and whether these cells accumulate immuno-
logically-detectable casein in the blocked glands.

Identification of casein-producing cells by immunoperoxidase has demon-
strated that epithelial cells in both alveoli and ducts of virgin glands
are capable of synthesizing casein after stimulation with insulin, hydro-
cortisone and prolactin. In virgin explants where DNA is blocked, only
a few alveolar cells were found slightly positive for casein. Autoradio-
graphy with H-proline and -thymidine in combination with immunoperoxidase
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indicates that the DNA- synthesis blocked tissue incorporates H-proline
equally well into protein, although DNA synthesis is severely retarded.
Further studies are planned to pinpoint the importance of DNA synthesis
in the functional differentiation of mammary epithelial cells. These results
will be compared to the appropriately stimulated and blocked primiparous
glands. We will also investigate the possibility of MMTV influence on hor-
monal response in this system. A paper describing our earliest results
has been published. A more complete report has been submitted for publi-
cation.

In an attempt to develop a more relevant experimental mouse model for
human breast cancer C„H/StWi mice, who lost MMTV spontaneously 12 years
ago and who do not express endogenous MMTV sequences, were given 7-12 di-
methyl benzanthracene (DMBA) a potent chemical carcinogen. These studies
were carried out in collaboration with Drs. Daniel Medina and Susan Socher,
Department of Cell Biology, Baylor University. We found C-H/StWi virgin
females to be highly susceptible to DMBA, developing mammary tumors (17/37)
within six months of receiving the drug. The tumors were mainly papillary
adenocarcinomas which arose from intraductal hyperplasias. No alveolar
hyperplasias, commonly associated with MMTV were detected. Evaluation of
the tumors for the presence of induced MMTV by electron microscopy and molec-
ular hybridization suggested that expression of MMTV proviral sequences
may not be involved in these neoplasms. A manuscript describing this study
has been published. Further development of this mouse mammary cancer system
is underway, e.g., C»H/StWi virgins, exogenously infected with MMTV, are
being tested for their response to DMBA and immunologic studies are underway
to test both non-virus and virus-expressing mice for expressions of proviral
genes.

A further examination of the C-H/StWi subline in reference to its appar-
ent non-susceptibility to the carcinogenic effect of its endogenous MMTV
has been initiated by employing genetic crosses with C-H/A "^fB mice. The
latter C_H subline possesses a potent endogenous MMTV and has a genetic-
ally-transmitted mammary cancer incidence of 90%. F. hybrids between this
subline and C_H/StWi develop only 28% mammary tiimors and backcross female
progeny from matings between F females and C-H/StWi males develop 4-8%
mammary cancer, suggesting a dominant influence of the C^H/StWi genome on
malignant transformation caused by endogenous MMTV. Molecular hybridization
and immunological studies to determine the extent of the expression of the
endogenous MMTV sequences are in progress. Thus far the equilibrium levels
of viral RNA are indistinguishable among the hybrid and backcross progeny,
but viral envelope protein accumulation seems to segregate with the A ^

gene. These studies will be completed this year with the goal of identifying
the molecular events underlying the decreased susceptibility of the C H/StWi
hybrids to endogenous MMTV carcinogenesis.

Our earlier results demonstrating conversion of MMTV polyproteins (struc-
tural components of intracytoplasmic A particles) into virion-sized polypep-
tides with preservation of their antigenic identities has been confirmed
in our laboratory and others. Antibody raised against CAP P82 specifically
immunoprecipitates MMTV P27, pp22, P14 and PIO, all MMTV gag products.
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In addition we have shown that CAP RNA is completely homologous to MMTV
RNA, conversely CAP DNA appears to be related to mouse. These results demon-
strate convincingly that intracytoplasmic A particles are intracellular
nucleocapsid MMTV structures comprised of incompletely processed MMTV gag
polyproteins.

A mouse model with a potential as more relevant to human mammary cancer
appears to be the C„H/StWi mouse subline. These mice develop preneoplastic
dysplasias and neoplasms whose histologic nature is similar to the hiaman

disease in the absence of overt expression of the endogenous MMTV sequences
when challenged with chemical carcinogens. Further studies on these mice
give promise toward clarification of the interaction between viral, chemical
and hormonal influences in mammary carcinogenesis.

Significance for Cancer Research and the Program of the Institute :

National Cancer Plan Objective 3, Approach 3. The mouse mammary tumor virus
problem has been and is being used as a relevant model for understanding
human mammary neoplasia. Yet our knowledge of the intracellular events
during mammary carcinogenesis is limited. The project is designed to provide
a base to further our understanding of these intracellular events with the

aim of elucidating the carcinogenic effect of MTV and chemicals.

Proposed Course : To specify the tumorigenic influence of the mammary
tumor virus, its relationship to normal differentiation and to the cellular
response during chemical carcinogenesis.

Publications:

Vonderhaar, B.K., Smith, G.H. , Pauley, R.J., Rosen, J.M. and Topper, Y.J.
A Difference Between Mammary Epithelial Cells From Mature Virgin and Primi-
parous Mice. Can. Res. 38: 4059-4065, 1978.

Smith, G.H. Evidence for a Precursor-product Relationship Between Intra-
cytoplasmic A Particles and Mouse Mammary Tumour Virus. J. Gen. Virol .

193-200, 1978.

Smith, G.H. , Pauley, R.J., Socher, S. and Medina, D. Chemical Carcinogenesis
in C„H/StWi Mice, A Worthwhile Experimental Model for Breast Cancer. Cancer
Res. 38: 4504-4509, 1978.

Arthur, L.O., Long, C.W., Smith, G.H. and Fine, D.L. Immunological Character-
ization of the Low Molecular Weight DNA Binding Protein of Mouse Mammary
Tumor Virus. Interna t. J. Cancer 22: 433-440, 1978.

Kidwell, W.R., Monaco, M.E., Wicha, M.S. and Smith, G.H. Unsaturated Fatty
Acid Requirements for Growth and Survival of a Rat Mammary Tumor Cell Line.
Cancer Res . 38: 4091-4100, 1978.

Henry, T.J. and Smith, G.H. Molecular Relationship of the DNA and RNA of

Intracytoplasmic A Particles to Mouse and Mammary Tumour Virus Genomes.
J. Gen. Virol. (In Press, 1979)
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MTV's, i.e. whether by female or equally well by either parent. Finally, strain^
of mice that develop hormone responsive mammary gland tumors and hyperplastic
alveolar nodules (HAN) from which malignant mammary tumors arise are also of

UMMARY OF WORK (200 words or less - underline keywords)

Collaborative work continues into the relationship of genetic and non-genetic
factors in mouse tumorigenesis . Interest is in the different lines of naturally
occurring mammary tumor virus (MTV) , and in the genetically variable inbred
mouse strains . Interest also is in the manner of transmission of the various

interest for possible collaborative studies,
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Project Description: Objective 1, Approach 4

Objectives : To determine whether or not mammary tumor virus (MTV)-

negative substrain C57BL/Haag female mice are susceptible to the develop-

ment of mammary gland tumors when given low oncogenic milk-borne MTV from

strain DD.

Results : This study is complete. Int. J. Cancer (21, 648-651, 1978).

C57BL/Haag becomes a line with a high incidence of mammary gland tumors

occurring in the females at a late age. Since both albino strains DD and

RIII originated in Europe, develop pregnancy-dependent mammary tumors, carry

black and agouti genes (£C, B^, AA) , and therefore may be related, evidence

is presented which suggests that the two naturally occurring MTV's from DD

and RIII may also be related, and that they may share a common origin.

Collaborative studies with other investigators both here and outside the

NIH are continuing again this year. The contribution of valuable mammary

tumor and hepatoma mouse strains, and our knowledge of the biology of these

neoplasms make such studies desirable, and therefore are being pursued. A

second manuscript with Y.N. Sinha of the Scripps Clinic and Research Founda-

tion, La Jolla, California has now been submitted for publication. It is a

study on the serum, pituitary and urine concentrations of prolactin and

growth hormone in eight strains of mice with varying incidence of mammary

tumors ranging from high to low. Levels of both hormones were not consis-
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tently related to incidence of mammary tumors characteristic of the strains.

Another manuscript with Gerald L. Princler and K. Robert Mclntire
of the Laboratory of Immunodiagnosis here at NIH is now in preparation.
It deals with the serum alpha-fetoprotein occurring in the high spontaneous
hepatoma mouse strain C3H-A fB and will be submitted for publication
this year.

In collaboration with Melvin D. Reuber of the Frederick Cancer Research
Center, a survey has now been completed on the spontaneous occurrence of

uterine tumors arising in our laboratory strains of female mice. This
work will probably be submitted for publication later this year and should
prove useful to those investigators who are working with mice and possibly
other rodents.

Significance to Cancer Research and the Program of the Institute :

The occurrence of spontaneous mammary gland tumors in laboratory mouse
strains depends on the interaction of several factors: host genotype,
mammary tumor virus (MTV), hormones, environment. Studies of mouse mammary
tumorigenesis need to be continued so that eventually mechanisms of action
between the various factors will be understood and therefore, quite possibly,
provide insight into the disease process in humans.

Proposed course : The mammary tumor experiments transferred from the Labora-
tory of Biology to the Laboratory of Molecular Biology are now complete
and they have all been published. However, collaborative studies continue.

Publications :

Vlahakis, G., Chopra, H.C. and Sawdon, M.R. : Induction of Mammary Tumors
in C57BL/Haag Female Mice by a Low Oncogenic Mammary Tumor Virus. Int .

J. Cancer 21, 648-651, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)

Treatment of cultured mammalian normal rat kidney (NRK) cells with picolinic
acid , histidinol , or N-alkyl ,N-nitrosoureas , or subjecting them to isoleucine
deficiency results in a time dependent increase in the ability of prostaglandin
^7 (PGE. ) , isoproterenol , or cholera toxin to increase intracellular cyclic
adenosine 3', 5' monophosphate (cAMP) levels . Similar increases in hormonal
responses are observed in SV40 and Moloney sarcoma virus transformed NRK cells
treated with picolinic acid. The increased response in NRK cells is due, at
least in part, to a specific potentiation of GTP dependent events in hormonal
activation of adenylate cyclase.
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Project Description:
Objectives : Nicotinamide adenine dinucleotide (NAD ) is known to undergo

two major types of reactions in mammalian cells, reduction to NADH and cleavage
at the nicotinemide-ribose linkage to form nicotinamide and adenosine diphos-
phate ribose. Functions of NAD in oxidation-reduction reactions are well
studied and understood; however, functions for the second type of reaction
are not clear. Since NAD is present in the cell at a concentration of
about 0.1-0.3 mM, and since the half-time for degradation of total cellular
NAD at this cleavage site is just a few hours, this reaction is a major
cellular activity.

As part of a study to demonstrate and elucidate NAD involvement in

control of cellular functions, numerous pyridine derivations (analogs of
nicotinamide) were added to NRK cells. One such compound, picolinic acid
(2-pyridine carboxylic acid) was found to reversibly arrest cells in the G,

phase of the cell cycle, and accompanying this growth inhibition was a poten-
tiation of the ability of adenylate cyclase activators, PGE, , isoproterenol,
and cholera toxin to increase intracellular levels of cAMP

.

The object of this project is to understand possible involvements of
NAD in growth regulation and cyclic AMP metabolism and to elucidate biochem-
ical mechanism which control hormonal response.

Methods Employed : Standard culture techniques will be used to grow
cells. Thin layer chromatography and fluorescent analysis will be used
to analyze metabolic components. Standard biochemical techniques will be
used to measure cyclic AMP, adenylate cyclase activity, and RNA metabolism.
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Major Findings : The initial biological observations with picolinic

acid raise several fundamental questions: 1. Are the observed effects
due to alterations in NAD metabolism or, since picolinic acid is also a

transition metal chelating agent, are they due to chelation of essential
ions? 2. How is growth inhibited? 3. Is the increased hormonal response
a direct result of actions of picolinic acid (or a metabolite) or is it

a secondary effect due to arrest at a specific point in G where adenylate
cyclase is normally very responsive? 4. What is altered Biochemically to

make cells more respons-ive to hormones?
To begin to answer the first two questions, 1 , 10-phenanthroline, a

chelating agent with a high affinity for transition metals, and nicotinamide,
a known inhibitor of NAD glycohydrolase, were tested. Addition of nicotina-
mide, but not nicotinic acid, along with picolinic acid, partially prevented
the increase in hormonal responsiveness in NRK cells and partially prevented
growth inhibition in SV40 transformed NRK cells but surprisingly not in

untransformed NRK cells. Neither agent had much effect alone. 1, 10-phenan-
throline inhibited growth butthe hormonal response was not increased in

the treated cells. These results taken together suggest that NAD functions
and not ion dependent functions are altered by picolinic acid.

ATP and GTP were unaffected by picolinic acid treatment; hence, growth
inhibition was not due to inhibition of energy metabolism. RNA synthesis
was 70-80% inhibited in picolinic acid treated cells and also processing
of rRNA from the 45S precursor to the 28S species was altered. This inhibi-
tion was also observed in cells treated with 1 , 10-phenanthroline.

To further understand events leading to the increase in hormonal activa-
tion, the response to adenylate cyclase activators was tested in NRK cells
which were growth arrested by several different treatments and also in other
cell lines blocked in different parts of the cell cycle by picolinic acid

treatment. The hormonal response was increased in SV40 transformed and
Moloney sarcoma virus transformed NRK cells arrested in S-G„ or at random,

respectively, by picolinic acid, and also in NRK cells arrested in G. by

isoleucine deprivation, in G by N-alkyl, N-nitrosourea treatment, or at

random by histidinol treatment. The response is not increased in NRK cells

arrested in G. by serum starvation or growth to high cell densities. These
results clearly separate the increase in hormone response from cell cycle
dependent events.

Adenylate cyclase activities were measured in membranes from control

cells, isoleucine deprived cells, and cells treated with picolinic acid
or N-alkyl, N-nitrosoureas . GTP-stimulated adenylate cyclase activities
were about 3-fold potentiated in membranes from treated cells above that

observed in membranes from control cells while basal and fluoride-stimulated
activities were increased only slightly. These results suggest that the

increase in hormonal response is due to a specific potentiation of GTP-depen-
dent events in hormonal activation of adenylate cyclase. (Adenylate cyclase

assays were done in collaboration with Dr. W. Anderson.)

Significance for Cancer Research and the Program of the Institute : By

understanding how growth and metabolism are regulated and by understanding
differences in this regulation between normal and transformed cells we may

learn to control the growth of certain cancer cells.
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Proposed Course : The increase in hormonal response could be due to

an increase in the amount of or a modification of components in the adenylate

cyclase system. To further evaluate these possibilities, the effects of

protein synthesis inhibitors, and NAD glycohydrolase inhibitors, in addition

to nicotinamide, will be tested. Radioactivity labelled NAD will be used

to show possible covalent modifications of specific cellular components.
If identified we will attempt to purify and characterize them. Detailed
analysis of NAD synthesis and degradation in control and treated cells

will be done using radioactivity labelled precursors.
Further analysis of RNA synthesis will be done and possible connections

of RNA synthesis inhibition to specific G, arrest will be explored.

Publications

:

Johnson, G.S., and Mukku, V.R.: Evidence in intact cells for an involvement
of GTP in the activation of adenylate cyclase. J. Biol. Chem . 254: 95-100,
1979.

Mukku, V.R,, Anderson, W.B., and Johnson, G.S.: Enhancement of hormonal
stimulation in intact cells: Potentiation of GTP-dependent activation of

adenylate cyclase. J. Biol. Chem . (In press, 1979).

Johnson, G.S., Adler, C.R., Collins, J.J., and Court, D.: Role of the spo

T gene product and manganese ion in the metabolism of guanosine 5 '-diphosphate
3-diphosphate in Escherichia coli . J. Biol. Chem . (In press, 1979).

Collins, J.J., Adler, C.R., Fernandez-Pol, J. A., Court, D. and Johnson, G.S.:
Transient growth inhibition of Escherichia coli K12 by ion chelators: "In
Vivo" inhibition of RNA synthesis. J. Bacterid. (In press, 1979).
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. j- . , j

DNA replication proteins of E^. coli and its phages have been purified and

reactions catalyzed by them have been studied in vitro. In vivo, replication of

\, a double-stranded DNA phage, requires many E. coli replication proteins, in-

cluding the products of the dnaB, dnaG , dnaE , and dnaZ genes, and two X proteins,

the products of the and P genes. The X P protein has been purified and shown

to form a physical complex with dnaB protein in vitro. Very likely, this inter-

action alters the specificity of dnaB protein such that it can function in initi

ating X DNA replication. In vivo, replication of X-P22 hybrid phage containing

the replication genes of P22 requires a combination of E^. coli proteins and the

products of P22 genes 12 and 18. The P22 12 protein has been purified and found

to contain single-stranded DNA-dependent ATPase activity. In vitro, this protein

functions in combination with dnaG protein to catalyze oligonucleotide synthesis

with single-stranded DNA, including (1)X174, fd, and G4 phage DNA and denatured X,

P22, and calf thymus DNA. The interactions of E^. coli proteins with phage

proteins are being studied to learn about the molecular mechanisms by which DNA

is replicated.
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Project Description:

Objective : To gain information about basic biochemical mechanisms in-
volved in the process of DNA replication.

Methods Employed : Standard biochemical techniques required for enzyme
purification and characterization and for nucleic acid sequencing.

Major Findings :

1. Interaction of dnaB protein and X P protein in vitro.
X replication in vivo requires two phage proteins, the and P gene

products, in addition to host proteins including dnaB, dnaE , dnaG, dnaZ ,

dnaJ , dnaK, grpD , and grpE gene products. Genetic results of others suggest
that the X P protein functions cooperatively with X protein and E_. coli
dnaB , dnaJ, dnaK, grpD , and grpE proteins.

E^. coli replication proteins have been studied by measuring single-
stranded phage DNA synthesis in vitro. Uninfected extracts of E_. coli as
well as a combination of purified proteins replicate i^X174 DNA by a pathway
involving (a) prepriming reactions catalyzed by dnaB and dnaC proteins in
conjunction with replication factors X, Y, and Z, and DNA binding protein,
(b) oligonucleotide synthesis catalyzed by dnaG protein dependent on the
protein-DNA complex resulting from the prepriming reaction, and (c) DNA elong
ation of the primer catalyzed by DNA polymerase III, dnaZ protein, and DNA
elongation factors I and III.

It was observed that extracts of induced X lysogens were unable to

replicate (tX DNA. In addition, these extracts inhibited 'tiX DNA synthesis by

200

I



Serial No. ZOl CB 08710-04 LMB

nonlysogen extracts. It was found that the inhibition was due to the speci-

fic but reversible inactivation of dnaB protein. The inhibitory activity was

purified to near homogeneity and was shown to be the product of the \ P gene.

Several observations support the interpretation that dnaB and X P pro-

teins form a molecular complex in vitro: (a) The two proteins are associated

with each other in crude extracts and can be isolated as a complex as long as

low salt conditions are maintained. (b) The amount of inhibition of (|>X

replication by X P protein is proportional to the amount of dnaB protein,

(c) When dnaB protein is associated with dnaC protein in an ATP-dependent

complex, dnaB protein is inaccessible for inhibition by X P protein, (d) The

heat stability of dnaB protein is increased about 10-fold when it is associ-

ated with X P protein. (e) The X P protein inhibits the dnaB ATPase activity

in the absence of DNA.

It is likely that the X P protein alters the specificity of dnaB protein

such that it can recognize the X protein or a site on X DNA and can func-

tion in initiating X DNA replication.

2. Oligonucleotide synthesis by dnaG protein in conjunction with P22 gene

12 protein.
X-P22 hybrid phage which contain the P22 replication genes in place of

the X and P genes are replicated by P22 12 and 18 gene products in combin-

ation with E^. coli proteins. It was observed that extracts of induced X-P22

lysogens (a) replicated (J)X DNA, in contrast to X lysogen extracts that do not,

(b) contained dnaB-like activity, as measured by (j)X DNA synthesis in heat-

inactivated dnaB temperature sensitive crude extracts; this activity was N-

ethylmaleimide sensitive, unilike N-ethylmaleimide resistant E^. coli dnaB

protein, (c) replicated fd DNA in a reaction that was 50% rifampin resistant,

in contrast to rifampin sensitive fd DNA synthesis catalyzed by nonlysogen

extracts.
The protein that stimulated (()X DNA synthesis in the dnaB complementation

assay was purified and found to be the product of P22 gene 12. DNA synthesis

catalyzed by P22 12 protein was reconstituted with purified proteins. The

reaction required 12 protein, dnaG protein, DNA elongation proteins (DNA

polymerase III, dnaZ protein, and DNA elongation factors I and III), 4 dNTPs,

any one of ATP, GTP, UTP , or CTP, and Mg . (j)X, fd, G4, and ST-1 DNA were

replicated by this pathway as well as denatured X, P22, and calf thymus DNA.

The reaction was dissected into partial reactions: (a) In a prepriming

reaction, 12 protein binds to <^X DNA in an ATP-dependent reaction. The puri-

fied 12 protein contains single-stranded DNA-dependent ATPase activity and it

is likely that hydrolysis is required for movement of 12 protein on the DNA.

(b) In a priming reaction requiring 4 rNTPs or 4 dNTPs, dnaG protein cata-

lyzes oligonucleotide synthesis dependent on the 12 protein-(})X DNA complex.

(c) Finally, DNA polymerase III, dnaZ protein, and DNA elongation factors I

and III catalyze DNA elongation of the primer.

Significance for Cancer Research and the Program of the Institute : The

central process of heredity and cell growth is the replication of the genetic

material. Studies of this process in E^. coli have been made possible by the

availability of (1) mutants defective in DNA synthesis and (2) large amounts

of bacteria necessary for biochemical studies. It is expected that the under-

standing that this work is generating about the process of DNA replication in
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E^. coll will shed light on the nature of the same process in animal cells.
Perhaps if normal replication were understood, we would be better able to

study the abnormalities of cancer cells.

Proposed Course : To continue studying biochemical mechanisms involved
in DNA synthesis using purified proteins and defined DNA templates. Also, to
study unique questions of double-stranded DNA replication by first developing
an in vitro DNA synthesizing reaction dependent on double-stranded DNA. These
questions include: (1) how is double-stranded DNA replication initiated? (2)

how are the two parental strands separated during chain propagation? (3) how
is the chain which grows in the overall 3' to 5' direction synthesized? (4)
how is replication terminated and the two daughter molecules separated.

Publications

:

Wickner, S.: DNA replication proteins of E^. coli (1978). Ann. Rev. Biochem .

pp. 1163-1191.

Wickner, S.: G4 and ST-1 DNA synthesis in vitro (1978). In DNA Synthesis ;

Present and Future . I. Molineux, M. Kohiyams (eds) . New York; Plenum,
pp. 739-749.

Wickner, S. : Conversion of single-stranded phage DNA to duplex DNA in vitro .

(1978). In The Single Stranded Phages . D. Denhardt, D. Dressier, D. Ray (eds).
New York: Cold Spring Harbor Laboratory, pp. 255-271.

Wickner, S.: DNA replication proteins of E_. coli and phage A. (1979). In
Cold Spring Harbor Symposium of Quantitative Biology , New York: Cold Spring
Harbor Laboratory, in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

We have been studying the biochemistry and genetics of lambda site-

specific recombination . We have purified some of the proteins involved in

exclsive site-specific recombination of bacteriophage lambda. We are study-

ing the role of the phage-coded functions, Xis and Int , and host-coded

functionsin this recombination reaction. We have found, in vivo , that Xis

and a host function. Him A , can partially substitute for each other in the

recombination reaction. We are extending these studies to the in vitro

recombination reaction.
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Project Description:

Objectives : Bacteriophage lambda inserts into and excises from the _E.

coli chromosome. This recombination occurs at a unique site in the viral and
host chromosomes, and is promoted by several functions. We have previously
demonstrated the excision reaction in vitro . Our object is to continue to

study the mechanism of phage excision, by purifying and analyzing the com-
ponents of the J^ vitro system.

An E^. coli mutant, rap , is non-permissive for wild-type lambda, but
plates lambda variants with altered attachment sites. We intend to study
this phenomenon.

Methods Employed : Standard microbial genetic and biochemical techniques.

Major Findings :(]0 We had previously demonstrated that excisive
recombination could use as a substrate relaxed DNA molecules, while integration,
under the same conditions, required a covalent, negatively-twisted circle as
substrate. We have since found that, at high ionic strength, both integration
and excisive recombination require supercoiled substrates, while at low ionic
strength both reactions can proceed with non-supercoiled substrates. Thus
supercoiling is not an essential part of the recombination reaction mechanism.
(2) Xis, the phage-coded protein necessary for excisive but not integrative
recombination, has been purified. It is a small, NEM-resistant , heat-stable
protein. Host factors necessary for the reaction have been partially puri-
fied. (3) An in vivo examination of the requirement for excisive and in-
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tegrative recombination suggests that Int is the primary protein needed for

site-specific recombination and that two small proteins, Xis and HimA, can

replace each other in carrying out recombination. Xis and Int can efficiently

carry out excision and less efficiently carry out integration; HimA and Int

efficiently carry out integration and less efficiently carry out excision.

Int without either Xis or HimA is inefficient.

Aims: Purification of host factors involved in excision; identification

of the role of Xis in site-specific recombination and its mechanism of inter-

action with Int and DNA; comparison of the roles of Xis and HimA.

Publications:

Abremski, K., and Gottesman, S.: The form of the DNA substrate required for

excisive recombination of bacteriophage lambda. J. Mol. Biol . (1979), in press.

Pollock, T.J., and Abremski, K.: DNA without supertwists can be an in vitro

substrate for site-specific recombination of bacteriophage X. J. Mol. Biol .

(1979), in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

The entry of insulin , epidermal growth factor and a macroglobulin into
cells has been studied by video intensification microscopy. Hormones initially
bind to diffusely distributed receptors. The hormone ligand complexes then
cluster in coated pits and are internalized in coated vesicle s. Entry is
blocked by inhibitors of transglutaminase suggesting cellular TG is involved
in the process.
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Project Description:

Objectives : To identify the membrane proteins that participate
in cell adhesion, cell movement and regulate cell metabolism and growth
and to determine if these are altered in malignant transformation.

Methods : Cell culture; preparation and analysis of membrane proteins
and their effects on cell behavior; isolation of mutants with defective
membrane proteins.

Major Findings : The entry of a„ macroglobulin, insulin and epidermal
growth factor into cells has been studied in detail. The proteins first
bind to diffusely distributed receptors, collect in aggregates in coated
pits and then enter the cells in coated vesicles . The proteins quickly
leave the coated vesicles and are then found in other vesicles that
collide with but do not fuse with lysosomes. Only after some hours
do the molecules enter lysosomes. The ligands studied were never detected
in nuclei or mitochondris

.

Methylamine and other primary amines were found to inhibit the
clustering and internalization of EGF, insulin and a„M. Since methylamine
treatment did not block the action of insulin on the transport of
a-aminoisobutyric acid or of EGF on DNA synthesis, we conclude that
hormone aggregation and internalization is not required for hormone
action. It is known that methylamine and other amines are inhibitors
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of the enzyme transglutaminase. These other amines are also inhibitors
of hormone patching and internalization. Further calcium ions which are
required for transglutaminase (TG) activity are also required for hormone
internalization. Therefore it seems likely that transglutaminase catalyzes
a reaction required for hormone internalization.

Antibodies to guinea pig liver transglutaminase (TG) have been prepared
and used to localize TG in fibroblasts. TG is found in the Golgi region,
in aggregates in the cytoplasm and associated with the submembranous mat
of actin filaments.

Clathrin, the protein that is a major component of coated vesicles
has been isolated by J. Keen. Reconstitution of clathrin into coated
vesicles under defined conditions is dependent on an additional low molecular
weight factor.

Significance to Biomedical Research and the Program of the Institute :

The invasive properties of tumor cells may be due to altered membrane
proteins. Identification and isolation of these proteins may suggest
new methods of cancer treatment. Objective 3, Approach 3.5.

Proposed Course : To isolate mutants defective in binding and internali-
zation of hormones and to use these to clarify the role of transglutaminase
in hormone action. To identify other surface proteins important in the
control of cell shape, movement and growth.

Publications

:

Wallach, D. , Davies, P., Bechtel, P., Willingham, M. , and Pastan, I.

Cyclic AMP-Dependent Phosphorylation of the Actin-Binding Protein Filamin.
Volume 9 of Advances in Cyclic Nucleotide Research (Raven Press) 371-379,
1978.

Schlessinger , J., Shechter, Y., Cuatrecasas, P., Willingham, M. , and
Pastan, I. Quantitative determination of the lateral diffusion coefficients
of the hormone-receptor complexes of insulin and epidermal growth factor
on the plasma membrane of cultured fibroblasts. PNAS 75: 5353-5357, 1978.

Schlessinger, J., Shechter, Y. , Willingham, M.C., and Pastan, I. Direct
visualization of the binding, aggregation and internalization of insulin
and epidermal growth factor on fibroblastic cells. Proc. Natl. Acad.
Sci. USA 75: 2659-2663, 1978.

Maxfield, F.R., Schlessinger, J., Shechter, Y. , Pastan, I., and Willingham,
M.C. Collection oi

on the surface of c

14: 805-810, 1978,

M.C. Collection of insulin, EGF and a -macroglobulin in the same patches
on the surface of cultured fibroblasts and common internalization. Cell
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Willingham, M.C., Yamada, S.S., and Pastan, I. Ultrastructural antibody
localization of a„-macroglobulin in membrane limited vesicles in cultured
cells. Proc. Natl. Acad. Sci. USA 75: 4359-4363, 1978.

Willingham, M.C., Maxfield, F.R., and Pastan, I.H. a„Macroglobulin binding

to the plasma membrane of cultured fibroblasts: diffuse binding followed
by clustering in coated region. J. Cell Biol . , 1979. In press.

Maxfield, F.R., Willingham, M.C., Davies, P. J. A., and Pastan, I. Amines
inhibit the clustering of a„-macroglobulin and EGF on the fibroblast cell

surface. Nature 277: 661-563, 1978.

Keen, J.H., Willingham, M.C., and Pastan, I.H. Clathrin-coated vesicles:
Isolation, dissociation and factor-dependent reassociation of clathrin
baskets. Cell 16: 303-312, 1979.

Maxfield, F.R., Willingham, M.C., Schlessinger , J., Davies, P. J. A., and
Pastan, I. Receptor-mediated internalization of proteins and polypeptide
hormones by cultured fibroblasts. Cold Spring Harbor, 1978.

Cheng, S., Eberhardt, N.L., Robbins, J., Baxter, J.D., and Pastan, I.

Fluorescent rhodamine-labeled thyroid hormone derivatives: synthesis
and binding to the thyroid hormone nuclear receptor. FEBS-Letters 100:

113-116, 1979.

Thomopoulos, P., Willingham, M.C., and Pastan, I. Studies on the

regulation of insulin receptors in cultured BALB/3T3 fibroblasts. Exp.

Cell Res . 116: 478-481, 1978.

Moore, L., and Pastan, I. The energy-dependent calcium uptake activity
of membranes isolated from 3T3 cells is regulated by cell density.
J. Cell Phy . , 1979. In press.

Moore, L. , and Pastan, I. A calcium requirement for movement of cultured
cells. J. Cell Phy . , 1979. In press.

LeCam, A., Maxfield, F., Willingham, M. and Pastan, I.H. Insulin
stimulation of amino acid transport in isolated rat hepatocytis is

independent of hormone internalization. Biochem. Biophys. Res. Commun .

In press.
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SUMMARY OF WORK (200 words or less - underline keywords)

The Ion mutants of E. coli have pleiotropic effects on cell growth: a)

they are defective in the formation of septa between dividing cells and there-
fore form long filaments, b) they overproduce the mucopolysaccharide coating
of cells, possibly by disrupting the control of operons involved in synthesis
of mucopolysaccharide, such as the gal operon, c) they are defective in the

degradation of abnormal proteins. We are investigating the genetic defect
in the Ion mutants with the aim of determining the interrelationships of these
defects

.
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Project Description:

Objectives : Lon mutants are mucoid, UV sensitive, and defective in

degradation of abnormal proteins. We are investigating the genetics of these

mutations as a basis for future biochemical characterization.

Methods Employed: Standard microbial genetic and biochemical techniques.

Major Findings : (1) We have found that a class of mutations in the

E. coli rho locus (previously demonstrated to be involved in transcription

termination) increases the cell's degradation of abnormal proteins. We have

constructed lon rho mutations and find that the effects of these two

mutations are additive. (2) We are furthering our understanding_of the lon

system by selecting revertants for various phenotypes of the lon strains

and examining the effects of these revertants on other phenotypes and on

protein degradation.

Significance for Cancer Research and the Program of the Institute :

An understanding of the growth control of E^. coli may serve as a model for

understanding growth control in normal and transformed mammalian cells.

Protein degradation is believed to play an important role in the control of

mammalian cells; insight into such processes should be gained by further

investigation of the process in E^. coli .

Proposed Course: Identification of genes controlled by lon and the mode

of their control; identification of the biochemical defect in protein degra-
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dation, and its relation to the Ion product; correlation of Ion effects on
the gal operon with other detailed studies of the Ion operon; identification
of other cell systems involved in protein degradation.

Publications

:

Simon, L.D., Gottesman, M.E., Tomczak, K., and Gottesman, S.: Hyper-degra-
dation of proteins in _E. coli rho mutants. Proc. Natl. Acad. Sci . 76: 1623,

197^. '.
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SUMMARY OF WORK (200 words or less - underline keywords)

We have isolated mutations and deletions in E. coli that define genes

required for site-specific recombination . One gene, the himA gene

(38.5 minutes on the E. coli linkage map), codes for a protein that is required

for temperate phage integration and excision, and is also involved in genetic

transposition and possibly transcriptional regulation . We have tentatively

identified the product of the himA gene, phimA, as an 8,000 dalton MW protein.

We have isolated strains of E. coli (hex) that exhibit high rates of

genetic transposition. Analysis of these strains may elucidate the mechanisms

of transposition.

213

=HS-6040



Serial No. ZOl CB 08716-01 LMB
1. Laboratory of Molecular Biology
2. Biochemical Genetics Section
3. Bethesda, Maryland 20205

PHS-NIH
Individual Project Report

October 1, 1978 to September 30, 1979

Title: Role of Host Proteins in Site-specific Recombination and
Transposition

Previous Serial No.: New Project

Principal Investigator: Maxwell E. Gottesman, Head, Biochemical Genetics
Section, Laboratory of Molecular Biology, NCI

Other Investigators: Harvey I. Miller, Staff Fellow, Laboratory of
Molecular Biology, NCI

Cooperating Units: none

Man Years: October 1, 1978 to September 30, 1979

Total:
Professional

:

Other:

Project Description:

Objectives : Temperate bacteriophage, as well as transposable genetic
elements recombine with the E. coli chromosome by site-specific recombination.
We have shown that host proteins participate in these recombination reactions
by isolating host mutations that reduce or eliminate several types of site-
specific recombination. We plan to elucidate the mechanism of site-specific
recombination by analysis of the effect of these mutations.

Methods : Standard microbial genetic and biochemical techniques.

Major Findings : We have isolated, mapped and characterized mutations
that define several genetic loci required for site-specific recombination.
We have identified the gene product of the himA gene by analyzing one and
two-dimensional poly-acrylamide gels, the proteins made by specialized
transducing phage carrying the himA gene. We have isolated strains of
E. coli that show enhanced levels of genetic transposition.

Proposed Course : To determine the role of host components in site-
specific recombination.
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SUMMARY OF WORK (200 words or less - underline keywords)

The terminal differentiation of embryonic muscle cells in culture is

characterized by cell fusion to form multinucleated myotubes, cessation of

DNA synthesis, withdrawal from the cell cycle, and production of muscle

specific proteins and acetylcholine receptors. Cell surface glycoproteins

are thought to be important components of cell-cell recognition and inter-

action. It has been proposed that interactions of glycoproteins may be the

basis of cell fusion and other intercellular interactions. The role of surface

glycoproteins in cell fusion has been evaluated.

We have shown that inhibiting the glycosylation of surface glycoproteins

blocks myoblast fusion and the expression of the acetylcholine receptor on the

cell surface. Both phenomena are restored when glycosylation is blocked by the

protease inhibitor-leupeptin. These results show that (1) the protein moiety

but not the carbohydrate, of some presently unknown glycoprotein is required

for cell fusion. (2) The carbohydrate moiety of acetylcholine receptor

and the fusion protein(s) is required to stabilize both against proteolysis.

(3) The carbohydrate moiety is not required for intracellular processing

-^'irinR PTTih-rynm' r mn.grlp r.fM differentiation.and export J:hf. protein
PH.S-6040

(Rev. 10-76)
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Project Description:

Objectives : (1) To study the role of cell-surface glycoproteins in
cellular interactions with emphasis on the function of the carbohydrate
moiety. (2) To study the mechanism of glycosylation of fibronectin.

Methods Employed : Protein glycosylation in embryonic muscle cell cul-
tures is blocked by treatment with tunicamycin, an antiobiotic that inhibits
the glycosylation of asparaginyl residues of glycoproteins via its
irreversible interaction with dolichol pyrophosphate. Glycosylation is

quantitated by incorporation of radiolabeled sugar precursors and by
lectin binding.

Cell fusion is quantified by counting nuclei in cells fixed with 2%
glutaraldehyde and stained with Ehrlich's hematoxylin. The results are
reported as the percent fusion or fusion index; that is, the number of
nuclei in myotubes per total nuclei.

Surface proteins are identified by lactoperoxidase-catalyzed iodination
and polyacrylamide gel electrophoresis.

a-Bungarotoxin is used to identify acetylcholine receptors because it
binds irreversibly and cannot penetrate the plasma membrane of muscle cells.

The degradation of acetylcholine receptors is measured by the rate of
release of I-labeled a-bungarotoxin from prelabeled cells.
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Major Findings : We have investigated the requirement for carbohydrates

in cell fusion, membrane transport, and in processing, turnover, export and

biological activity of fibronectin and acetylcholine receptor.

We have shown that glycosylation of surface glycoproteins is required

for transport, fusion of embryonic muscle cells, and for the complete
expression of fibronectin and acetycholine receptor on the cell surface.

However, the carbohydrate requirement is indirect since these processes can

be restored to normal levels by treatment with protease inhibitors such as

leupeptin. The biological activity of isolated, nonglycostyaled fibronectin

has been evaluated in assays for cell attachment, spreading, hemagglutina-
tion, and restoration of a normal morphologic phenotype to transfoirmed cells.

No differences were observed between the glycosylated and nonglycosylated
species in these in vitro assays. However, isolated nonglycosylated
fibronectin was twice as susceptible to proteolytic digestion j^ vitro .

Our results suggest that carbohydrates per se may not be essential for

cell fusion, membrane transport, processing, turnover, or export of fibro-

nectin and acetylcholine receptors. Similarly, it is not required for the

biological activity of fibronectin; the acetylcholine receptor activity is

yet to be tested.

Significance for Cancer Research and Program of the Institute : Cell

surface glycoproteins appear to perform important roles in cell-cell recog-
nition and interactions. Several of these surface components are altered
after transformation. In addition, several developmentally regulated changes

occur in these components during normal embryonic differentiation of embry-
onic muscle cells.

Proposed Course : To isolate and characterize the surface glyco-
protein(s) required for cell fusion, study the biological properties of the

nonglycosylated acetylcholine receptors and the mechanism of glycosylation of
fibronectin.

Publications

:

Olden, K., Pratt, R.M. , and Yamada, K.M. : Role of carbohydrates in protein
secretion and turnover: Effects of tunicamycin on the major cell surface
glycoprotein of chick embryo fibroblasts. Cell 13: 461-473, 1978.

Pratt, R.M. , Yamada, K.M. , and Olden, K. : Tunicamycin-induced alterations
in the synthesis of sulfated proteoglycans and cell surface morphology in

chick embryo fibroblast. J. Exp. Cell Res. 118: 245-252, 1979.

Yamada, K.M., Pastan, I., and Olden, K. : Transformation sensitive cell sur-
face protein: isolation, characterization, and role in cell morphology and

adhesion. Annals. New York Acad. Sci. 312: 256-277, 1978.

Yamada, K.M. , and Olden, K. : Fibronectins-adhesive glycoproteins of cell
surface and blood. Nature 275: 179-184, 1978.
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Olden, K. , Pratt, R.M. , Jaworski, C, and Yamada, K.M. : Effect of inhibitors

of glycosylation on membrane transport. Proc. Natl. Acad. Sci., USA 76:

791-795, 1979.

Olden, K. , Pratt, R.M. , and Yamada, K.M. : Selective cytotoxicity of tuni-

camycin for transformed cells. Int. J. Cancer (in press).

Olden, K. , and Olden, A.T.: Role of carbohydrates in protein secretion.
In Recent Advances in Cancer and Molecular Biology (ed. Guillory, W.A.)
(Utah University Press, pp. 19-41, 1979.)

Yamada, K.M. , Hahn, L. , and Olden, K. : Fibronectins : Structure and function.

J. Supramol. Structure (in press).

Olden, K. , Pratt, R.M. , and Yamada, K.M. The role of carbohydrate in

biological function of the adhesive glycoprotein fibronectin. Proc

.

Natl. Acad. Sci., USA (in press).

Olden, K. , Hahn, L., and Yamada, K.M. : Fibronectin: Property and role in

cellular morphology and adhesion. Proc. British Society Cell Biology (in

press) .
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SUMMARY OF WORK (200 words or less - underline keywords)

We have continued our study of bacteriophage X hin function and have

shown that it is responsible for several alterations in E. coli physiology

(Transformation) . We believe these alterations result from an effect on the

E_. coli membrane.

We also study control of transcription initiation and termination on

phage X DNA. We have defined a discrete site p^ for initiation (promoter)

and t for termination (terminator) of transcription on the A DNA.
Rl
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Other Investigators: Ursula Schmeissner

Cooperating Units: None

Man Years: October 1, 1978 through September 30, 1979

Total: 2.0
Professional: 2.0
Others: 0.0

Project Description:

Objectives : We are interested in the transformation of E_. coli by A.

To examine this more critically, we are isolating mutations in A (hin- )

that alleviate the effect in the host. At the same time we are seeking to
determine how hin causes the alterations in the host. Our main effort is to

find out how cell membranes are affected by hin .

Our study with the rho termination site t^^,is now centering on the
isolation of t_^ mutations (in addition to those already studied, ci_n and
cnc) in an attempt to better understand the features of termination. Since
the t_ DNA is sequenced, the structural changes of these mutations can also
be determined.

Transcription from the £ promoter is activated by c_II and £lll
products of A. The start site has been determined and our objective is now
to determine how mutations in the promoter region (£Y's, £l7, £32) and in
the host (hfl, c^a, crp) affect initiation. In addition we plan to study a

second promoter (£ of the int gene) which is also controlled by c_II and c_III.

Methods Empj^oyed : Standard microbial, genetic , and biochemical
techniques

.

Major Findings :

(1) A hin expression affects amino acid, base, and nucleoside uptake
by _E. coli .

(2) A hin reduces cAMP levels in the cell.

(3) A hin increases ppGpp levels in the cell.

(4) A hin enhances stability of A mRNA transcript.
(5) The A hin gene(s) has been mapped on the A DNA - two different

genes may exist.

220



Serial No. ZOl CB 08718 -01 LMB

(6) Termination by rho factor and RNA polymerase occur at idential

sites (at t^p , ) in vitro and in vivo on X .

(7) cin mutation enhances termination and increases a region of dyad

symmetry in the DNA at t^^^ .

cnc mutations reduce termination and reduce the symmetry.

(8) cTl and £lll proteins are required to allow RNA polymerase to

initiate transcription at the p site on X (in vivo )

.

Significance for Cancer Research and the Program of the Institute :

National Cancer Plan Object 3, Approach 1. In cancer cells, the expression

of some genes are permanently turned on, i.e. expressed constitutively.

Our studies are aimed to understand the molecular basis of how genes are

turned on and off. We are using E^ coli and X as model systems. This

understanding might help to prevent conversions of cells to those capable of

forming cancers.

Proposed Course: 1. To determine the mechanism of host transformation

by phage X . Y. To^ determine the mechanism of termination. 3. To

determine the mechanism of initiation and control by £ll and £lll.

Publications:

Rosenberg, M. , Court, D., Shimatake, H., Brady, C, and Wulff, D. Structure

and Function of an Intercistronic Regulatory Region in Bacteriophage Lambda.

In The Operon p.p. 345-377 (eds. J. Miller and W. Regnicoff) Cold Spring

Harbor Laboratory, New York (1978).

Johnson, G.S., Adler, C.R., Collins, J.J., and Court, D. Role of the SpoT

Gene Product and Manganese Ion in the Metabolism of Guanosine 5 '-disphosphate,

3' diphosphate in Escherichia coli . J. Biol. Chem . in press (1979).

Collins, J.J., Adler, C.R., Fernandez-Pol, J. A., Court, D., and Johnson, G.

Transient Growth Inhibition of Esherichia coli K12 by Ion Chelators:

in vivo Inhibition of RNA Polymerase. J. Bact . in press (1979).

Georgopoulos, C.P., Bisig, R. , Magazin, M. , Eisen, H. , and Court, D.

A Novel X Mutation Affecting X Head Assembly. J. Virol. 29: 782-788, (1979),
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LABORATORY OF PATHOPHYSIOLOGY
ANNUAL REPORT SUMMARY

October 1, 1978 to September 30, 1979

The research effort of the Laboratory of Pathophysiology is focused on

the following areas:

1. Pathophysiology of mammary gland and tumors.

2. Biochemical changes related to onset and cessation of lymphocyte
proliferation.

3. Structure and function of biological membranes.
4. Properties and biological significance of extranuclear DNA.

5. Pathophysiology of cachexia in tumor-bearing host.

6. Effects of ionizing radiations on DNA, proteins, and bone marrow
cells.

1. Pathophysiology of mammary gland and tumors

One project concerns the mechanisms of hormone-dependent mammary tumor

regression (Y. S. Cho-Chung, J. Bodwin, S. Shafie, T. Clair). The work of

the past year focused on the role of cyclic AMP during regression and its

antagonistic effect toward estrogen action. Major findings were: (a) Cytosol

of growing DMBA tumors contains 2 proteins binding cyclic AMP, one with appar-

ent MW 39000 and the second 56000. The latter is the regulatory subunit of

protein kinase type II and after binding cyclic AMP undergoes autophosphoryla-
tion. The 39000 MW protein lacks autophosphorylative capacity. (b) Ovariec-
tomy or dibutyryl cyclic AMP injections increased substantially the amount of

56000 MW protein only in regressing tumors. No change in the 39000 MW species
was observed. Arginine enhanced the accummulation of 56000 MW protein and

potentiated the effect of dibutyryl cyclic AMP. (c) Cyclic AMP binds to the

56000 MW protein that autophosphorylates and penetrates into the nucleus where
a 76000 MW nonhistone protein is also phosphorylated. This occurs only in

hormone-dependent tumors. Hormone-independent tumors have 56000 MW proteins

able to bind cyclic AMP but unable to autophosphorylate and penetrate the

nuclei. (d) Estradiol blocks the phosphorylation of the 76000 MW nuclear pro-

tein. This occurs only in hormone-responsive tumors and, indeed, predicts
whether ovariectomy in vivo will induce tumor regression, (e) The ratio of

estrogen-to cyclic AMP-binding proteins is a very accurate predictor of hormone
dependency of rat tumors, (f) Tumor regression induced by insulin deprivation
appears to involve cyclic AMP with the same sequence of events as found after

ovariectomy.

A second project concerns the role of collagen production and turnover in

tumor growth and metastasizing capability (L. Liotta, S. Garbisi, M. Wicha,

S. Shafie, W. Kidwell) . The major findings of the past year were: (a) A

collagenase which preferentially degrades type IV (basement membrane) collagen
was purified from T241 fibrosarcoma, (b) Collagenolytic activity is present in

the interstitial fluid of tumors in_ vivo and is secreted by the neoplastic
cells in the form of procollagenase to be activated by lytic enzymes such as

trypsin or plasmin. Procollagenase was produced by human breast carcinoma
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cells in culture. (c) Epithelial tumor cells synthesize exclusively type IV

collagen and the synthesis is under hormonal control. Type IV collagen can

be localized within the cytoplasm of mammary epithelium and myoepithelium by

monospecific antibodies and an immunoperoxidase technique. The method is very

sensitive for detection of micrometastases in lymph nodes and can be used in

the clinic. (d) Attachment, spreading and growth of normal mammary epithelium

in culture depends on type IV collagen production. Synthesis can be blocked

by cis-hydroxyproline. In vitro neoplastic mammary epithelium does not show

preferential attachment to any type of collagen, (e) A direct correlation

between frequency of metastases and collagenase production appears to be

demonstrable in a series of transplantable tumors. An in^ vitro assay to test

invasive capability by neoplastic cells is being developed.

A third project focuses on the conditions necessary to cultivate and

characterize mammary epithelium in vitro . (W. Kidwell, M. Wicha, W. M. Lewko)

.

The data obtained indicate that: (a) Proliferation of mammary epithelium

obtained by injections of perphenazine results in an enrichment of unsaturated
versus saturated fatty acids in the whole gland. In vitro unsaturated fatty

acids promote growth of mammary epithelium, particularly linoleic and linolenic

acids. Prolactin stimulates the release of free fatty acids by the mammary

gland, (b) Cultures of DMBA- and NMU-induced mammary carcinomas reveal one

type of large flattened cells with cytoplasm rich in basement membrane collagen

and another type of cell rich in myosin. (c) Steroid receptor levels decrease

very rapidly, even during cell isolation, and addition of growth-supporting
hormones to the digestion cocktail appears to protect the receptors.

A fourth project concerns the regulation of milk protein synthesis and

its mRNA in rat mammary gland. (P. Qasba, H. L. Nakhasi and coworkers). The

work that has been done shows that: (a) During the first 48 hr of gestation,

a 3-4-fold accumulation of aLA and 42 K casein was observed over the level in

virgin gland, on a wet weight basis. This increment is due to new formation

of proteins. During the same period, however, the mRNA does not increase
proportionately to the protein increment, (b) In the presence of insulin and

hydrocortisone, prolactin enhances aLA and casein production. Virgin gland

synthesizes mainly 40K casein and little 25K but the pregnant gland produces
mainly 25K. Prolactin stimulates new formation of mRNA-aLA in the pregnant
gland but not in the virgin gland, (c) aLA mRNA and 16S casein mRNA sequences
were measured in the RNA from the gland during gestation and lactation using
cDNA probes made against mRNA extracted on the 4th-5th day of lactation. The
lesser extent of hybridization was observed with RNA during the first 48 hr of

gestation, suggesting differences in the processing of aLA mRNA and 16S casein
mRNA at this time. Some indications that this is the case are available and

studies in this direction are progressing. (d) A project has been initiated
to construct and analyze bacterial plasmids that contain aLA and casein DNA
sequences derived from aLA and casein mRNA from the lactating rat gland. At

this time bacterial clones carrying PBR322 plasmids with inserts of foreign
DNA sequences have been selected and are now being characterized. (e) A series
of rat mammary carcinomas have been shown to produce aLA and casein. Within
6 hr of hormone removal production of these proteins and their mRNA stops
while no change in the overall rate of protein synthesis is detectable. One
of the first events in tumor regression is the arrest of synthesis of special-
ized proteins.
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A fifth project aims to assess the interaction between thyroid function

and mammary tumor development. (B. Vonderhaar, A. Bhattacharya and coworkers).

The major findings in the past year were: (a) Mild hypothyroidism reduces the

number of hyperplastic outgrowths and tumors in C3H/HeN probably because it

reduces the number of ducts, (b) Mammary explants from adult, euthyroid virgin

mice cultured in serum-free media + insulin + hydrocortisone require 0.05 yg
of prolactin to start production of lactose synthetase; however, hypothyroid

gland requires ten-fold more prolactin, (c) Binding of prolactin by mammary

membranes was increased in hyper- and decreased in hypothyroid rats about

3-fold more than in liver membranes. Addition of L-T3 to membrane preparations

in vitro increased prolactin binding in mammary membranes but not in liver

membranes. (d) The methyl group of ^H-methyl-S-adenosyl-L-methionine was

incorporated into the phospholipid of mammary membrane and resulted in an in-

crease in the number of prolactin binding sites without changing the apparent

affinity constant. (e) Prolactin binding appears to depend on phospholipid

composition of the membrane. Solubilized prolactin receptors were reconstitu-

ted as liposomes by detergent-dialysis and ultrasonication. Prolactin binding

is maximal in the phosphatidylcholine vesicle when reconstitution is performed

at a lipid to protein ratio of 5:1, a condition that results in a final vesicle

composition of 1:1 lipid to protein. Decreasing membrane fluidity (as measured

by fluorescent polarization) by the addition of cholesterol to the phosphotidyl-

choline vesicle increased prolactin binding; incorporation of unsaturated fatty

acids decreased binding, addition of phosphatidylserine decreased binding,

addition of phosphatidylethanolamine had little effect. All vesicles of differ-

ent composition had similar levels of prolactin binding when the receptors were

resolubilized; therefore, the composition of the membrane, i.e., its fluidity,

may control the active binding sites.

A sixth project of the mammary program aims at defining the mode of action

of prolactin on target organs. (R. Knazek and coworkers). Principal findings

have been: (a) C3H/HeN mice on a diet deficient in essential fatty acids,

lost 60% of prolactin binding sites of their livers but treatment with exogenous

prolactin restored binding capacity. (b) Pups born from dams on essential

fatty acid-deficient sites have atrophic mammary glands that can be restored

to normal structure by injections of linoleic acid. Since linoleic acid is

the precursor of prostaglandins, their role in mammary morphogenesis is now

being investigated. (c) Using the artificial capillary culture technique

ovarian follicles have been produced _in vitro and the role of prolactin and

other hormones on their morphogenesis is being studied.

A seventh project of the mammary program concerns the study of angio-

genesis as an indicator of neoplastic transformation. (A. Maiorana and co-

workers). Accomplishments of the past years were: (a) The completion of

studies showing that hyperplastic mammary tissue at high risk of becoming

neoplastic shows a higher frequency of angiogenic response than low risk tissue,

long before any morphologic indication of neoplasia is demonstrable. (b) An

extension of these findings to the thyroid is being attempted in an effort to

distinguish simple from high risk hyperplasia. (c) A systematic fractionation
of the interstitial fluid sampled from tumors by a technique previously develop-

ed, is being carried on with the purpose of purifying the angiogenesis factor

and developing a radioimmunoassay for its quantitation.

225



An eighth project was aimed at preventing neoplastic transformation of

mammary epithelium in C3H/HeN mice, infected by MuMTV, using retinyl acetate.

The results were negative.

2

.

Biochemical changes related to onset of cessation of lymphocyte
proliferation

Resting and PHA-stimulated human lymphocytes were utilized to study the

mechanism of protein synthesis (H. Cooper and coworkers). (a)Previous work,

based mostly on the effect of actinomycin D and cordycepin upon the abolition
of RNA synthesis, suggested that an RNA component seems to be rate-limiting
for protein synthesis in resting Ijmiphocytes. To date a low molecular weight
tRNA (MW '^ 52000) has been identified which turns over rapidly in lymphocyte
cytoplasm but does not accumulate upon growth stimulation. An unusual species

of tRNA , however, does increase its relative and absolute concentrations
met

upon growth stimulation. This tRNA appears to be a good candidate for a

regulatory function, (b) Dissociation of SOS free ribosomes into 50S and 60S

native subunits is a required step in the activation of protein synthesis in

lymphocytes. A dissociation factor is involved in this process. A simple,
very sensitive and rapid method has been developed for measuring the activity
of the dissociation factor. Preliminary experiments using this method showed
that a change in concentration of the dissociation factor occurs following
growth stimulation. (c) During growth stimulation of l3nnphocytes the synthesis
of 3 proteins was disproportionately increased as compared with the rest, and
the increment of 2 of them was blocked by actinomycin D. Detailed identifica-
tion of these proteins is being undertaken using mouse myeloma - mouse spleen
cell hybridomas. (d) Lymphocytes convert putrescine to spermine and spermidine.
Following growth stimualtion, covalent linkages between one NH -terminal of

spermidine and presumably the y carboxyl group of glutamic acid were found
markedly increased. Transglutaminase activity is thought to be responsible for
these linkages. The identification of the compounds is in progress.

A second project (S. Berger and coworkers) was mainly concerned with the
isolation of intact RNA from the cytoplasm of normal peripheral blood lympho-
cytes. The major objective was to prevent cellular ribonucleases from degrading
RNA during the purification and to avoid major disruption of subcellular organi-
zation in order to preserve noncovalent complexes between RNA and proteins. The
method developed for resting and growing lymphocytes makes use of a ribonucleo-
side-vanadyl complex and permits preparation of undegraded cytoplasmic RNA. A
practical application of this method was the isolation of mRNAs from Namalva
cells, a lymphoblastoid line of B cells able to produce interferon when infected
with New Castle disease virus. When translated in frog oocytes the fraction of
mRNA sedimenting at 13S directed the synthesis of interferon.

3

.

Structure and function of biological membranes

One project concerns the freeze-fracture morphology of the membranes in
the endoplasmic reticulum and Golgi apparatus of lactating mammary gland and
7,12-DMBA mammary carcinomas (P. Pinto da Silva, A. Peixoto de Menezes, and
coworkers) . The biogenesis of the fat droplet is thought to occur in the
following sequence: (a) Formation of particle-free areas in the endoplasmic
reticulum and golgi membranes, (b) Apposition of the bilayered lipid membranes
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to the growing fat droplet, and (c) progressive conversion of the membrane

lipids into triglycerides at the periphery of the fat droplet. The results

suggest that membranes are not only involved in synthesis and secretion but

some of their components are incorporated in the final product.

A second project concerns the interaction of Sendai virus with the human

erythrocyte during cell fusion. Fusion consists of the formation of plasmo-

desmata which provide cytoplasmic continuity. Plasmodesmata expansion forms

a polymorphic network of tubules which eventually ruptures and becomes either

reabsorbed into the membrane or lost within the cytoplasm.

A third project aims at evalulating the network of tight junctions

connecting epithelial cells. The prostate is used as a parodigm. The major

objective is to understand the processing of the secretory products by the

cells. No major finding is available as yet.

A fourth project is concerned with the structural modification of the

platelet plasma membrane during formation and growth of the fibrin network.

It was found that under proper pH the intramembranous particles observed on

the B face of the membrane can aggregate in a different fashion than those of

the A face whose topography remains unchanged. If this can be confirmed it

will be the first observation of an independent displacement of components
associated with each half of the membrane.

A fifth project concerns the analysis of fusion between vesicles and

plasma membrane of P_^ palmivora zoospores. It has been observed that osmio-
phylic, electron-dense deposits are present on the cytoplasmic surface of the

plasma membrane. These deposits represent calcium-binding, osmiophylic sites
probably related to the fusion of peripheral vesicles with the plasma membrane
and release of cell wall precursors.

4 . Properties and biological significance of extranuclear DNA

One project concerns the fractionation of rat liver with minimal loss of

DNA from the nuclei (W. Schneider and coworkers) . A method has been developed
based on the use of cetyl-trimethyl ammonium bromide and yielding cytoplasms
with only 2-3% of nuclear DNA. Microsomes from these cytoplasms were found to

contain 9-10 times as much DNA as the mitochondria which also showed a DNA
content 5 times lower than reported in the literature. Hybridization experi-
ments were carried on between microsomal DNA and labeled complementary DNA
made with reverse transcriptase to either total rat liver mRNA or to albumin
mRNA. Neither of these cDNA hybridized to a significant extent, therefore
the biological function of microsomal DNA continues to remain obscure.

A second project concerns the biological role of melanin granule DNA
(A. Liacouras and coworkers) . The melting point for nuclear and melanin DNA
were shown to be 86°C while for the mitochondrial DNA it was 84.5°C. Density
studies in CsCl gradient indicated a G-C ratio of 46.6% for nuclear and melanin
DNA. Hybridization experiments are underway to better define melanin DNA.

A third project concerns the regulatory events involved in the synthesis
of serum albumin. The cDNA to partially purified albumin-mRNA was synthesized
with reverse transcriptase and alubmin cDNA was purified by selective hybridi-
zation with mRNA at low C^t values. Using the latter cDNA, the levels of
albumin-mRNA were measured in livers of rats treated with thioacetamide and in
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controls. Under carcinogen treatment the translational activity of albumin-
mRNA increased as determined in a wheat germ system. Whether this can be used
as a marker of preneoplastic lesions will be evaluated. The last project
(T. Otani and coworkers) is a continuation of a long-lasting effort to produce
amino-acid analogs that could specifically impair the survival of neoplastic
cells. 27 N-benzoyl derivatives of amino acids were prepared, their purity
was defined and prescreened in the lactobacillus casei system. The most active
compounds were: N-benzoyl-p-chloro-DL-phenylalanine and N-benzoyl-m-f luoro-DL-
phenylalanine

.

5

.

Pathophysiology of cachexia in tumor bearing host
Theajor objective of the work carried on by Dr. Morrison is the under-

standing of the mechanism of general deterioration in the tumor-bearing host.
The question is approached by studying the physiological and behavioral control
of food and water intake. In tumor-bearing rats it appears that behavioral
output of feeding and resultant food intake are partially uncoupled variables.

A second project (J. Radcliffe) aims at comparing the cachectic effect in
tumor-bearing rats to that of amino acid deficiencies. In some instances the
depression of food intake due to amino acid deficiency is corrected by the
presence of the tumor.

A third project (M. B. Popp) concerns the effect on total parenteral
nutrition on tumor cachexia. It appears that in the presence of a tumor the
total parenteral nutrition may induce unfavorable effects.

6. Effects of ionizing radiation on DNA, proteins and bone marrow cells

One project concerns ESR and spin-trapping studies of deuterated alanines.
(P. Riesz, R. Bergene and A. Minegishi) . Photolysis of hydrogen peroxide and
sodium peroxydisulfate were used to generate OH* and S0,~" radicals; the deami-
nation radicals were produced by yirradiation of the polycrystalline solid and
t-Nitrosobutane was employed as the spin-trapping reagent. Conclusive evidence
for the assigned structures of the spin adducts was obtained.

A second project concerns the study of the radiation-induced hydrogen
transfer in y-irradiated crystalline amino acids and peptides. It was found
that for y-irradiated polycrystalline glycine a deuterium transfer from the
- ND to the -CH^ group occurs. A similar approach will be followed for other
polycrystalline amino acids and peptides.

A third project concerns ESR studies on y-irradiation - induced free
radicals in single crystals of glutaric acid with temperature range of 77 to
300 K. It was found that 3 different radicals are stabilized at 77K. The de-
carboxylation radical is the dominant species and the other 2 radicals are
assigned to the anion and the substituted acetyl-radical . When the temperature
of the crystal is raised these radicals disappear.

The effects of X-irradiation on bone marrow and animal survival was contin-
ued by Ms. Uphoff who focused on 2 topics, (a) The first concerned the effects
on survival where mice of the same strain were irradiated by 2 different mach-
ines under identical conditions of exposure, filtration, half value layer and
calibration. A clear difference in survival was observed between the two groups
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subjected to the 2 treatments. The conclusion was drawn that "qualitative"

differences in X-ray effects on tissues exist despite identical X-ray dosage,

here-to-fore assumed to produce similar effects. (b) Experiments comparing

exposure at half the dose as well as experiments concerned with the effect

of anesthesia on X-ray resistance were repeated to confirm the validity of

previous data.
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Project Description:

Objectives : To prepare chemical compounds which preferentially destroy
cancer cells by mechanisms other than those of agents presently being used in

cancer chemotherapy. This study, which began with our search of a simple
chemical method for the synthesis of the 6-hydroxyamino acids, serine and
threonine, led to the preparation of a series of novel 3-hydroxyamino acids

and to the study of the biological behavior of these compounds. These studies
showed that alteration of certain 3-hydroxyamino acids by acylation "activated"
some otherwise relatively metabolically inert compounds to inhibit the

growth of microorganisms which had been selected for anti-tumor screens.
These findings led to the study of other amino acids and amino acid analogs
that are known to be anti-metabolites

.

The immediate objectives of the project have been: (a) To prepare acyl
derivatives of amino acids and amino acid analogs and to note if these
compounds exhibit microbial growth-inhibitory capacity in microbial
anti-tumor screen. (b) To prepare other new amino acid analogs, which by

their structural resemblance to natural amino acids may be potential
anti-metabolic, and hence, growth-inhibitory agents. (c) To prepare

derivatives of these amino acids containing organic functional groups which
may potentiate the growth-inhibitory as well as increase the cell permeability
capacity. (d) To prepare N-acyl and N-aryl derivatives of amino acid analogs

which are knoiim to be active against tumors. (e) To test these new compounds

for anti-tumor activity, first in microbial anti-tumor screening systems,

and if found active, in mammalian systems.

Me thod s Emp loyed : In most cases , acylation was accomplished by the

Schotten-Baumann P''^°^^'i^^^» which involves addition of the acylating agent in a

two-phase system. In some cases, this was accomplished by a modification of

that procedure dissolving the appropriate acylating agent in an organic solvent,

such as ether or ethyl acetate. In most cases, the contaminating bi-product,

benzoic acid, was removed by fractional crystallization from carbon

tetrachloride, and the product further purified by crystallization from

alcohol or precipitation from ethanol-water . In some cases, crystallization

was attained by repeated cycles of treatment with ethanol, acetone, and

petroleum ether. Microbiological assay was carried out in ribof lavin-supple-

mented riboflavin assay system, and the extent of growth was determined

turbidimetrically

.

Major Findings :

1. Twenty seven N-benzoyl derivatives of amino acid and amino acid analogs

were prepared. The purity of these compounds was ascertained by (a)

melting point determinations, (b) optical rotation measurements, where

applicable, (c) Van Slyke gasometric determination of primary amino nitrogen,

and (d) elemental analysis.

2. These compounds were tested for growth-inhibitory activity in a
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Lactobacillus casei system especially selected for anti-tumor pre-screen.
Nineteen of the 27 compounds showed some degree of inhibition. The extent
of inhibition ranged from a modest 13% to a potent 98% at a concentration
of 1 mg of the test compound per ml.

3. The activity of the "intermediate" inhibitors was as great as
that shown by N-chlroacetyl-B-hydroxy-g^—norleucine isomer B, the most
active acyl deriative noted previous to this study.

4. The most active compounds were N-benzoyl-p-chloro-DL-phenylalanine,
and N-ben2oyl-m-fluoro-pL.-phenylalanine, which caused almost complete
inhibition of the test organism. The inhibition noted with these compounds
was greater than that observed for any acyl compounds previously tested.

5. Because of the potent inhibition noted by these aryl derivatives,
a structure-activity study was undertaken to seek the most potent acyl-amino
acid or acyl-amino acid analog combination, as a preminary step in the
preparation of a favorably substituted anti-tumor amino acid or amino
acid analog. For this, the preparation of the £-fluorobenzoyl, m-fluoroben-
zoyl, £^-fluorobenzoyl, £-nitrobenzoyl, £-nitrobenzoyl, £-chlorobenzoyl-,
anisoyl-, £-methoxybenzoyl- , and m-methoxybenzoyl- derivatives of some
15 amino acids and amino acid analogs was undertaken. Thus far, about
56 of these compounds have been prepared and their purity ascertained.
About 38 compounds are now being further purified.

6. During the study of the benzoyl derivative, it was noted that
there was little optical specificity by the active compounds, that is,
there was little difference in the degree of inhibition noted by the pure
D_- and L-isomer. To examine this further, the pure optical isomers of
18 benzoyl amino acids and amino acid derivatives were prepared.

7. During the study of the chloroacetyl derivatives, it was noted that
N-chloroacetyl-L—tyrosine exhibited potent inhibition. Although it
was later shown that the effect was caused by a contaminant (yet undetermined)
in the commercial preparation, a series of 10 N-chloroacetylated derivatives
of tyrosine analogs was then prepared. These were tested in the microbial
anti-tumor screen and were found to inhibit the system to the same extent as
the more potent chloroacetyl derivatives.

Significance to Biomedical Research and the Program of the Institute :

That amino acid metabolism may be a susceptible area of action in cancer
therapy was demonstrated by the efficacy of asparaginase in certain tumors
which required asparagine. Amino acid deprivation, either by the removal
of the amino acid or by the substitution with an analog may be effective
in inhibiting tumor growth.

The enhancement of activity of amino acid, and amino acid analogs
upon acylation appears to be of importance in the cancer program in view
of the fact that one serious drawback in cancer chemotherapy has been that
of the inaccessibility of the cytotoxic agent to the cell. It is possible
that alteration of the molecular charge by acylation, and the introduction
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of a cytotoxic group, in the form of the chloroacetyl radical, has provided
a molecule that is more permeable to the cell and at the same time, once
within the cell, is capable of releasing the cytotoxic agents by the action
of intracellular acylases. Objective 6, Approach 2.

Proposed Course of Research :

1. The preparation and purification of ring-substituted benzoyl derivatives
of various amino acids and amino acid analogs will be continued.

2. These compounds will be tested for growth-inhibitor activity in the
microbial anti-tumor pre-screen.

3. The optically pure benzoyl derivatives will be tested in the microbial
anti-tumor pre-screen to note further the role of optical specificity in
these inhibition studies.

4. The N-fatty acid acylated amino acid and amino acid analogs which were
obtained in less than pure state will be purified and the pure N-fatty acid
acylated amino acid will be tested for growth-inhibitory activity.

5. Work on the cholesterol compounds and the various choleic acids of
amino acids and amino acid analogs will be continued. This will involve
further purification of some of the compounds prepared thus far. When
purified, these, too, will be tested for growth-inhibitory activity in
the microbial system.

6. The chloroacetyl, benzoyl, and ring-substituted derivatives of amino
acids and amino analogs known to possess anti-tumor activity, and of other
known anti-tumor agents, will be prepared and tested for anti-tumor activity.

7. In an earlier study, a very potent microbial growth-inhibitory principle
in a commercial preparation of N-chloroacetyl-L-tyrosine was observed.
Further attempts will be made to identify this principle.

8. An attempt will be made to up-date an microbial anti-tumor screening
system, to include anti-tumor agents presently used in cancer chemotherapy.

Publications:

1. Otani, T.T. and Briley, M.R. : N-Benzoyl Derivatives of Amino Acids
and Amino Acid Analogs as Inhibitors in Microbial Anti-tumor Screen,
J. Pharm. Sci. 68_, 260 (1979).

2. Otani, T.T. and Briley, M.R.: The Effect of N-Trifluoroacetyl
Derivatives of Amino Acids and Amino Acid Analogs in Microbial
Anti-tumor Screen, J. Pharm. Sci. 68_, 496-499 (1979).

3. Otani, T.T. and Briley, M.R. : "A study of N-Benzoyl Deviatives
of Amino Acids and Amino Acid Analogs as Inhibitors in a Microbial
Anti-tumor Screen", J. Pharm. Sci.. (In Press).
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Project Description:

Objectives : Since the replication of DNA is an obligatory prerequisite

for cell division, the study of DNA synthesis and its control occupies a

position of unique importance in cancer research due to the continuous and

uncontrolled division occurring in cancer tissues. The objectives of this

project are to isolate and identify deoxyribose-containing compounds other

than DNA from normal, precancerous, and tumor tissues, to determine the metabo-

lic sequences in which these compounds are involved and whether these sequences

are the same in normal, precancerous, and cancer tissues; to isolate DNA from

subcellular structures other than nuclei, and to study the physical and bio-

chemical properties of extranuclear DNA and to determine the relationship

between nuclear and extranuclear DNA in carcinogenesis.

These studies are aimed at uncovering differences between normal and

malignant cells that can be exploited to prevent the formation of cancer cells

or to promote the destruction of cancer cells already generated. (These

studies support most closely Objective #3: To prevent conversion of cells to

those capable of forming cancer and Approach 1: Nature and modification of

the precancerous state, of the National Cancer Plan).

Methods : Rat liver cells were disrupted in suitable media using either

commercial Potter-Elvehjem homogenizers with Teflon pestles or the Tekmar

Tissumizer homogenizer. The homogenates were centrifuged at low speed to

remove nuclei and unbroken cells and the sediments were rehomogenized with

additional medium and recentrifuged . Mitochondria and microsomes were isolated

from the combined supernatants by high speed differential centrifugation.

Yields of mitochondria and microsomes were calculated from the recoveries

of the marker enzymes, succinic dehydrogenase for mitochondria and glucose-6-

phosphatase for microsomes. Nucleic acids were precipated with the detergent

CTAB (cetyl trimethylammonium bromide) and were extracted from the precipitates

with 1.5 N perchloric acid at 70°. DNA was measured using the fluorimetric

reaction with diaminobenzoic acid (DABA)

.

Major Findings : Experiments on the quantitation of DNA in cytoplasmic

extracts of rat liver at the submicrogram level and on improved and simplified

procedures for fractionating rat liver with minimal loss of DNA from nuclei

have been completed. The results have been prepared for publication and can

be summarized briefly as follows: DNA was found to be quantitatively precipi-

tated in the range of 0.1 - 1.0 ug with the detergent CTAB (cetyl trimethyl

ammonium bromide) and was measured f luorimetrically after its reaction with

diaminobenzoic acid. The cytoplasm from only 10 mg of liver was sufficient

for accurate measurements of DNA and the results were validated by appropriate

recovery experiments using labeled chromatin.

Using the CTAB procedure to monitor the separation of rat liver nuclei

and cytoplasm, it was found that large losses of DNA (>10%) occurred only

during the washing of the nuclear fraction and that such losses could be

avoided by adding 10 mM tris buffer to the washing medium. When cytoplasmic
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extracts of rat liver were prepared in this way it was found that only 2.68%
of the total liver DNA was recoverd in this fraction. Furthermore when mito-
chondria and microsomes were isolated from such cytoplasmic fractions, the
microsomes were found to contain 9-10 times as much DNA as the mitochondria.
The results on total DNA in the cytoplasm agree with our previous estimates
but the distribution of DNA between mitochondria and microsomes was consider-
ably different from the 1:1 ratio we previously found and can be explained by
the improved analytical procedure. The present results also showed that the
DNA content of mitochondria was about 5 times lower than reported in the liter-
ature and probably reflect the effect of the impooved isolation procedure, in
yielding mitochondria with less contamination.

In an attempt to assign a function to microsomal DNA, hybridization exper-
iments were carried out between this DNA and the labeled complementary DNA
(c-DNA) made with reverse transcriptase by Dr. Pran Chakrabartty to either
total rat liver mRNA or to albximin mRNA. Neither of these cDNA samples combined
to a significantly greater degree with microsomal DNA than they did with bulk
nuclear DNA, and therefore the function of microsomal DNA continues to remain
obscure.

Significance to BioMedical Research and the Program of the Institute:
The new mthods for DNA analysis that were developed provide important tools
for measuring DNA when it is present in low concentrations or when the amount
of sample is limited. In addition it provides a highly sensitive procedure
for monitoring subcellular fractionation at the critical stage of separating
nucleus and cytoplasm.

Proposed Course of Project : There are several directions in which
further research on microsomal DNA can proceed. Since microsomal DNA is

double stranded and only one is transcribed, the failure of these samples to

hybridize with cDNA could be due to interference from the untranscribed strand.
To test this the two strands would have to be seaprated prior to hybridization.
This would be difficult since strand separation has been successful only with
samples that have many more repetitive sequences than does microsomal DNA.
Another approach would be to reattempt to demonstrate definitive restriction
fragments in microsomal DNA; previous experiments along this line gave con-
flicting results.

Publications

1. Gantt, R. and Schneider, W. C. Presence of 5-Methyl cytosine in rat
liver mitochondrial and microsomal DNA. (in press)
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The data presented demonstrates for the first time that biological systems

are affected by qualitative differences in X-irradiation . The evidence

includes differences in the 30 day LP 50 values and differences in the

slope of the mortality curves . Differences in dorsal ,
ventral and

two-directional exposures delivered simultaneously at half the dose rate

I

were described and related to the relative uniformity of the dose to the

bone marrow . The protective effect of anesthesia during irradiation was

studied in relation to recovery time and the reduction of oxygen tension

in the bone marrow.
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Project Description:

Objectives : To facilitate bone marrow transplantation as an adjunct to
administering toxic levels of irradiation or chemo therapeutic agents used in
treating cancer. The ultimate goal is to devise methods of preventing a
graft-versus-host reaction, (GVHR) or controlling the lethal effects of a
strong reaction, while utilizing possible beneficial effects of less severe
reactions for their immunotherapeutic effects against residual cancer cells.

Methods Employed : Multiple inbred strains and substrains of mice
representing the major histocompatibility genotype (H-2) and especially
derived substrains are bred and maintained in a closed colony for use in this
investigation. Mice are exposed to lethal total body X irradiation and
engrafted with marrow cells from different donors to test effects of genetic
disparity between histocompatibility genes and immune response genes, as well
as sex and parity status on the severity of the GVHR. An additional
parameter was included in this investigation after it was demonstrated that
the quality of the X-rays used in preparing the recipient for the marrow
graft affected the establishment of a permanent marrow graft.

Major Findings : These experiments clearly demonstrate for the first
time that biological systems are able to detect qualitative differences in
X-rays that here-to-fore have been assumed to produce similar effects. It

has been assumed that X-rays had equal distructive effects for a given
exposure if the filteration, half value layer (HVL) and calibration were the
same. This is no longer a valid assumption. While awaiting the installation
of the cesium-137 source, experiments were undertaken to determine why X-rays
from two X-ray machines were not equally effective in producing permanent
chimeras, i.e., mice of one genotype with functional hematopoietic systems
total-body irradiation. The formerly available Westinghouse Quadrocondex
X-ray machine was most effective (>95%) in destroying the hosts ability to

regenerate its own hematopoietic system following a marrow graft. The
Philips X-ray machine which produced better survival but fewer permanent
chimeras was fitted with the identical 0.25 mm Cu and 0.55 Al filters and
was adjusted to have an output with the same HVL of 0.9mm Cu as the

Westinghouse machine. To accomplish this the Philips machine was operated
at 235 Kvp as compared to the 200 kvp previously used but both machines were
operated at a constant 15 ma setting.

The 30 day LD50 values are frequently used to describe radiobiological
effects. The lethal dose required to kill 50 percent of the mice
within 30 days differs with the strains of mice irradiated. To obtain
a calculated LD50, mortality data on groups of 50 or more mice exposed
to 3 different doses of irradiation are plotted. The number of comparisons
used are limited by the data already available for the Westinghouse X-ray
machine. In all cases where sufficient data has been accumulated, the
LD50 values for X-rays from the Westinghouse machine were consistantly lower
than those of the Philips machine with one exception. The magnitude of the
difference is illustrated by the LD50 for C57BL/DeUp of 636R and 662R for
the Westinghouse and Philips machine, respectively, and the similar difference
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of 640R and 675R for C57BL/Ka Up mice. These are moderately resistant
strains. In contrast, the more radiosensitive strain C/fCBA had an LD50 of

500 and 508R indicating that a difference may not exist at the lower end
of the spectrum.

Each strain has its own characteristic mortality curve for any given
exposure. Consistant with the fact that the LD50 for the Westinghouse
machine is lower than for the Philips machine is the observation that mice
exposed to X-rays from the Westinghouse machine die sooner than those exposed
to X-rays from the Philips machine. It is clear that there was greater
absorption and therefore greater biological damage produced by irradiation
from the Westinghouse machine as compared with the Philips machine even

though the HVL, filtration, and calibrated dose in air were identical.

Substrain differences in radio-sensitivity have been described for ova

transfer substrains and foster nursed substrains. These differences were
attributed to a maternal influence that was under intensive investigation
when the Westinghouse X-ray machine was in operation. Another available

substrain with no direct maternal influence was also investigated. Although

no change in radiation sensitivity or resistance was observed, other

alterations were demonstrable. In the deviation of this substrain

neonatal black mice (formerly called C57BL/10-H-2 ) of the NBL strain were

innoculated within 24 hours of birth with marrow cells from the white

strain, ST.T6/SN Up, for the purpose of inducing immunologic tolerance.

Both strains were of the histocompatibility-2, H-2 genotype. These

neonatally inoculated mice were subsequently skin grafted to establish their

state of tolerance before being used as marrow donors in irradiation studies.

Two littermates both with viable skin grafts were mated to produce the NBL

substrain. Marrow from NBL, tolerant NBL and from progeny (NBL ) of

tolerant grandparents were compared for the ability to protect lethally

irradiated recipients (JNCI 42:255-268, 1969). No change in radiation

sensitivity of NBL mice was detected using the Westinghouse machine even

though ST.T6 mice were more radioresistant than NBL mice. However recent

experiments with the Philips X-ray machine clearly show an increased

radiation resistance in the NBL mice when compared with NBL mice. The

mortality curve for NBL mice exposed to BOOR was identical with that for

NBL mice exposed to 725R under the same conditions. As in the case of the

reciprocal foster nursed substrains (European Journal of Clinical and

Biological Research 15: 303-304, 1970), the derived substrain had a

radiation sensitivity intermediate between that of the two parental strains.

This fact suggests an acquired modification rather than a mutation

occurring during inbreeding.

Experiments comparing the effectiveness of dorsal, ventral and

two-directional exposures (simultaneous dorsal and ventral exposure of half

the dose-rate) were continued. The slope of the mortality curves for these

three types of exposures differ. The greatest survival difference occurs at

the lower dose range with a failure to converge completely at the lethal dose

for the two directional irradiation. To duplicate the mortality curve for

NBL mice exposed to 725R for two-directional exposure required a dorsal
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exposure of 750R and a ventral exposure of 775R. One variable in these experi-
ments was the fact that two different X-ray tubes were used for the exposure
which could possibly result in an artifact. To eliminate this possibility
mice were anesthetized and exposed to dorsal and ventral irradiation from the
same X-ray tube. These results confirmed the fact that more mice survived a
ventral exposure than a dorsal exposure. This survival apparently results
from a dose reduction by absorption and survival of a sufficient number of
hematopoietic stem cell to repopulate some of the irradiated mice. This would
explain the loss of chimerism since syngenic cells could have a preferential
advantage over allogenic cell for repopulation.

The protective effect of anesthesia has been known for many years and
apparently results from a reduced oxygen tension in the bone marrow. However
the magnitude of the reduced biological damage was greater than expected.
The 30 day mortality of C57BL/Ka UP mice exposed during anesthesia was compared
to that of unanesthesized mice exposed to 700R. The comparative mortality
for two directional exposure was 49% and 97%, for dorsal exposure 33% and 79%,
and for ventral exposure 25% and 61%. The initial part of the mortality
curves was identical only when the exposure was from two directions.
Unidirectional irradiation under anesthesia resulted in a delayed as well as
reduced mortality. A time sequence was run to determine when the greatest
protection could be expected and how long it lasted. The C57BL/Ka Up mice
were anesthesized and exposed to 700R ventral exposure at regular time
intervals and their survival curves compared. The 30 day survival for
unanesthesized mice was 38% after ventral exposure to 700R, 75% when
exposed to 700R as soon as the mice were asleep (15 minutes) , 100% at 30
minutes, 76% at 60 minutes at which time the mice were awakened and 54%
at 90 minutes. Since C57BL mice are particularly sensitive to pentobarbital,
the more resistant C57L strain was also tested by exposure to 750R two
directional irradiation at intervals after anesthesia. This dose of
irradiation was selected because it was lethal to all mice within 26 days.
The 30 day survival when irradiated at 15 minutes was 53%, 56% at
60 minutes and 14% at 120 minutes after anesthesia. The reestablishment of
the oxygen equilibrium in the marrow appears to be a gradual process not
subject to an overshoot. Surviving mice appear healthy with no evidence of
a delay in the manifestation of radiation damage as is the case for
hibernating animals exposed to ionizing irradiation.

Significance to Biomedical Research and the Program of the Institute :

Progress in basic biomedical research depends upon the reproducibility of
experimental data. In attempting to confirm data, biological parameters are
usually meticulously reproduced but physical parameters that may also
influence results are frequently overlooked and unspecified. These
experiments have been duplicated under the most closely controlled conditions
possible, the only variable being the X-ray machines. Failure to duplicate
results has usually been attributed to a change in the animals used with
little hope of testing the validity of this assumption. Under the conditions
in which this project operates, it is not possible to attribute the observed
changes to the animal source since a similar alteration would have had to
occur simultaneously in 25 inbred lines coincidentally with the installation
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of the new X-ray machine. The Westinghouse machine was in continual
operation until the Philips machine was put in operation. The data obtained
before and after the switch in X-ray machines was consistently different.
It is clear that we can no longer rely on the HVL to characterize X-rays and
a more precise method of defining X-rays must be developed. These findings
have potential importance for all projects relying on X-rays as a course of

ionizing irradiation.

Proposed Course of Research : A thermoluminescent dosimetry system will
be used to test dose reduction by absorption for comparison of two directional
and unidirectional irradiation and for dosimetry studies with and without the

additional line voltage regulator. These are all factors which influence the

results of the marrow transplantation experiments. With the installation
of the cesium-137, source baseline data will be obtained for comparison with
that for the two X-ray machines . The uniform spectrum of radiation from

cesium-137 should produce comparable biological damage. This should aid in

the reproducibility of biomedical data involving ionizing irradiation by
eliminating one of the unrecognized and uncontrolled variables, namely,

qualitative differences in irradiation. The study of the basic adaptive
mechanisms involved in the maternal influence will be resumed as soon as the

gamma source is installed. There is a parallel between the adaptation in

the maternal-fetal relationship and the adaptation occurring between the

marrow and the irradiated recipient in the development of chimeras and in the

induction of tolerance. While this basic adaptive mechanism appears to

have a survival advantage, it may also interfere with the hosts ability to

respond to certain antigens as in the case of the failure to reject

metastic neoplasms.

Publications:

1. Uphoff , D.E. and Law, L.W. X-irradiation and bone marrow transplanta-
tion for treatment of murine leukemias : A re-evaluation. In

Okunewick, J. and Meredith, R. (Eds.) Graft vs. Leukemia in Man and

Animal Models. West Palm Beach, Florida, CRC Press. (In press).
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The effects of ionizing and ultra-violet radiation on nucleic acids and
proteins and their constituents are being studied. The modification of
radiation damage in DNA by cancer chemotherapy agents of the intercalating
and alkylating types is of interest, since such information may be useful in
radiation therapy .

The present report includes electron spin resonance (E.S.R.) studies of spin-
trapped radicals in aqueous solutions produced by the reaction of hydroxyl
radicals and of hydrated electrons with constituents of proteins and nucleic
acids. The free radicals in gamma-irradiated single crystals of glutaric
acid have been studied in the temperature range from 7?'^ K to 300^^ K.
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Project Description:

Objectives : The effects of ionizing and ultraviolet radiation on
biological macromolecules and their constituents are being investigated.
For reproductive death, DNA is the target molecule in viruses and is at

least a part of the target molecule in bacteria and mammalian cells.

Radiation damage to DNA is produced by the "direct effect" through the

formation of radical ions, electrons, excited states and neutral free

radicals or by the "indirect effect" where radical species formed in the

surrounding medium by radiation react with DNA. For water, these species
are hydrated electrons, hydrogen atoms and hydroxyl radicals. In the

case of radiation damage to the chromosome, radicals formed in the

nucleohistone may cause damage to the DNA.

In the chain of events that leads to loss of biological activity,

free radicals play an important role. Chemical compounds have been
discovered which significantly modify radiation effects. These include:

(a) electron affinity sensitizers which act on hypoxic tumor cells, (b)

halogenated pyrimidines which are incorporated into DNA and (c) cancer

chemotherapy agents of the intercalating or alkylating type which sensitize

tumor and normal cells

.

Studies of the mechanism of action of radio-sensitizers and radio-

protectors are necessary to design improved combinations of chemotherapy
and radiation therapy.

An understanding of the mechanisms by which ionizing radiation brings

about the loss of biological activity in macromolecules is likely to help

in the development of new methods for altering the efficiency of cell

killing with possible benefits to radiation therapy.

Methods Employed : Nucleic acids, proteins and their constituents

were y-i^radiated either in the solid state at 2 x 10 torr or in aqueous

solutions in an 800-curie Cobalt y-source. Electron spin resonance studies

were carried out with a Varian E-9 Spectrometer connected to a Nicolet Lab i

computer. For photolysis studies at specified wavelengths, a 1000-watt

high pressure Mercury-Xenon arc source and monochromator were employed.

Spin-trapping Method:

In the spin-trapping method, the short-lived free radicals react with a

diamagnetic scavenger (the spin-trap) to produce longer-lived radicals

(the spin-adduct) which can be conveniently investigated by e.s.r. In our

studies, t-nitrosobutane (tNB) was employed as the spin-trap, equation (1)

:

tBu V _ tBu . _^ _

(1) R' + tBu - N = ^ . N - 6 ^^ . H' -

R R
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The e.s.r. spectrum of, the spin-adduct nitroxide shows a primary triplet
splitting due to the N nucleus and secondary splittings which usually
arise from the magnetic nuclei of the trapped radical R' . From the e.s.r.
spectra of the nitroxide, the structure of R* can often be identified.
For some experiments in which several radicals were spin-trapped
simultaneously, the resulting spin-adduct nitroxides were separated by
means of a Waters High Pressure Liquid Chromatograph with a C^ --micro
BONDAPAK column and water-methanol elution gradients. A capillary flow-
detector in the e.s.r. cavity was used to indicate the positions of the
free radical peaks.

Single Crystal Studies:

It has been shown that the hyperfine structure observed in the e.s.r.
spectra of organic free radicals can yield precise information of the
structure of the radicals and the distribution of the odd electron.
Many measurements have been made on systems in solution, for which state
the anisotropic part of the coupling is averaged to zero by the
comparatively fast tumbling of the radicals. Hence, the resulting spectra
can only be interpreted in terms of their isotropic interactions.
In order to obtain the couplings in a radical as a tensor, and thus derive
the maximum amount of information, it is necessary for the radicals to be
trapped at specific orientations. This condition is fulfilled for the
radicals trapped in irradiated single crystals where both the anisotropic
and isotropic couplings can often be evaluated. If there are large
anisotropic interactions, the spectra are usually complex and their
interpretation correspondingly involved. However, the single crystal studies
are potentially rewarding in terms of the additional information on the
nature of the radical that can be deduced from the observed anisotropic
interactions.

Ma-jor Findings :

1. ESR and spin-trapping studies of deuterated alanines (with A.

Minegishi and R. Bergene)

.

The hydrogen abstraction radical from the methyl group, the decarboxy-
lation radical and the deamination radical produced from alanine-3 ,3 ,3 d^

and from alanine-2-d^ , were investigated in H^O and D„0 solutions.
Photolysis of hydrogen peroxide and of sodium''peroxydisulfate were used to

generate OH* and SO, * radicals which lead to the abstraction and decarboxyla-
tion radicals respectively. The deamination radicals were produced by
Y-irradiation of the polycrystalline solid. t-Nitrosobutane was employed
as the spin-trapping reagent.

Since deuterium atoms give rise to a hyperfine coupling of 1/6.50
of the corresponding hydrogen atoms, an unambiguous assignment of the
hyperfine couplings of 3 and y hydrogens was possible and conclusive
evidence for the assigned structures of the spin-adduct was obtained.
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2. Radiation-induced hydrogen transfer reactions in y-irradiated
crystalline amino acids and peptides (with A. Minegishi and R. Bergene)

.

In the course of the above work with y-i^radiated poly-crystalline
DL-alanine-3,3,3-d-, it was found that a radiation-induced hydrogen
transfer of D from the methyl group to the alpha position of the deamination
radical takes place and can be conveniently studied by spin-trapping. For

y-irradiated polycrystalline glycine, a deuterium transfer from the -ND_

to the -CH„ group was observed. Similar studies with other
polycrystalline amino acids and peptides are in progress. While radiation-
induced hydrogen transfer from exchangeable sites to carbon-bound sites has

been observed previously {Riesz, P. and Smitherman, T.C., Israel J. Chem .

10, 1165, 1972} the present approach allows the determination of the position
of the transferred hydrogen atom in the radical and should thus be helpful
in elucidating the mechanisms of these processes.

3. Spin-trapping of y-irradiated polycrystalline amino acids, acetyl

amino acids and dipeptides (with A. Minegishi and R. Bergene).

Free radicals produced in y-irradiated polycrystalline solids at

room temperature can be conveniently identified by dissolving the

irradiated solids in aqueous solutions containing t-nitrosobutane as the

spin-trap. The naturally occurring amino acids, their N-acetyl
derivatives and 30 dipeptides of the type X-gly, gly-X, X-ala and ala-X were

investigated. For amino acids only primary deamination and side chain

abstraction radicals were observed, while for acetyl amino acids and

for dipeptides the decarboxylation and the deamination radicals were often

observed. Furthermore, the radicals formed by scission of the bond between

the nitrogen of the peptide bond and the adjoining carbon atom of the

carboxyl terminal residue were identified. Decarboxylation radicals are

formed from the initially produced cation radicals while deamination

radicals are generated by the initial anion radicals.

In certain cases when several different spin-trapped radicals were

present simultaneously in the same sample, high pressure liquid chromatog-

raphy was used to separate the individual nitroxide spin-adducts

.

4. Free radicals in dicarboxylic acids: an ESR study of y-irradiated

single crystals of glutaric acid (1 :5-pentanedioic acid) in the temperature

range 70 - 300K (with R. Bergene and A. Minegishi).

Electron spin resonance techniques were used to study the y-radiation

induced free radicals in single crystals of glutaric acid in the tempera-

ture range from 77K to 300K. Three different radicals are stabilized

at 77K. The decarboxylation radical is the dominant species and the other

two radicals are assigned to the anion and to the substituted acetyl-radical.
When the temperature of the crystal is raised, these radicals disappear
and the previously studied room temperature radicals appear. E.s.r. data
and the results from semi-empirical INDO-MO calculations were compared in

order to elucidate the structures of the various radicals.
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Single crystals of 1:5 pentanedioic-2,2,4,4,-d, acid were grown.
Preliminary ESR studies indicate that a detailed confirmation of some of
the assignments made for the non-deuterated crystal will be possible.

Significance to Cancer Research and the Program of the Institute ;

Studies of the effects of ionizing radiation are of importance in relation
to (1) radiation therapy, (2) carcinogensis , (3) stability of the genetic
pool, (4) the suppression of the immune mechanism, and (5) aging. The
effects of ionizing radiation on nucleic acids are being studied in order
to understand the nature of radiobiological death in normal and tumor cells.
The addition of radioprotective and radiosensitizing agents is being investi-
gated so that a therapeutic advantage may be gained. Objective 6, Approach 1.

Proposed Course of Research : To continue studies on the effects of

ionizing radiation on macromolecules of biological importance. The mechan-
ism of radioprotective and radiosensitizing agents and the interaction of

radiation and cancer chemotherapy agents will be investigated.

Publications:

1. Rustgi, S. and Riesz, P.: ESR of spin-trapped radicals in aqueous

solutions of dihydropyrimidine bases. Radiation Res. 75, 1-17, 1978.

2. Rustgi, S. and Riesz, P.: ESR and spin-trapping studies of the reactions

of hydrated electrons with dipeptides. Int. J. Radiat. Biol. 34,

127-148, 1978.

3. Rustgi, S. and Riesz, P. : Free radicals in UV irradiated aqueous solutions

of substituted amides. Int. J. Radiat. Biol. 34, 149-163, 1978.

4. Rustgi, S. and Riesz, P.: An ESR and spin-trapping study of the reactions

of So, radical with protein and nucleic acid constituents. Int. J.

Radia£. Biol. 34, 301-316, 1978.

5. Joshi, A., Moss, H. and Riesz, P.: E.s.r. study of post-radiolysis

growth of spin-trapped radicals in gamma-irradiated solutions of thymine.

Int. J. Radiat. Biol. 34, 165-176, 1978.

6. Rustgi, S. and Riesz, P.: Hydrated electron initiated main chain scission

in peptides: An e.s.r. and spin-trapping study. Int. J. Radiat. Biol.

34, 449-460, 1978.

7. Riesz, P. and Rustgi, S.: Aqueous radiation chemistry of protein and

nucleic acid constituents: ESR and spin-trapping studies. Radiation

Physics and Chem. (In press)

.
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This project is directed towards identifying the causes of the nutritional
depletion and general deterioration of the host , known as cancer cachexia ,

with a view to blocking or reversing these systemic effects of cancer so that

the cancer patient could become more accessible to anti-cancer therapies. The

approach to this is by investigation of total energy , water and other material

exchanges, and of the physiological and behavioral control of food and water

intake in normal and cancerous organisms

.
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Project Description:

Objectives : (a) Investigation of the patterns of heat production of
rats with concomitant recording of feeding behavior and other activity with
a view to finding how the energy expenditure, feeding and general
behavior pattern are related to tumor growth, to finding the nature of the
loads imposed by a tumor on its host, and to identifying the causes of
cancer cachexia. (b) Investigation of relative changes in water and
material exchanges in tissue compartments of the rat during imposed and
induced changes in food and water intake and the relation of these to tumor
induction and growth. (c) Examination of possible experimental methods of
simulating in non-tumor-bearing rats the cachexia and decline of food intake
induced by tumor growth. (d) Identification of functional sites and
causes of breakdown of control of food intake during tumor growth. (e)

Development of conceptual models of control of food and water intake and
regulation of energy and water exchange and their interrelationships for
normal animals and for the cancer cachectic process

.

Methods Employed : The methods of indirect, total, long-term calorimetry,
operant conditional responses, placement of electrolytic lesions in or
stimulation of the central nervous system, continuous or programmed infusions
into unrestrained animals, and methods of orthodox nutritional studies.
Ballistic methods of recording and partitioning total motor activity.
Computer methods of numerical analysis of serial records of tumor growth,
continous records of gaseous exchange and of change in feeding and drinking
patterns in relation to total energy exchange and tumor growth.
Sprague-Dawley rats, Buffalo rats and Fischer rats are used in all animal
experiments. Most tumor-bearing rats are inoculated with Walker 256
carcinoma, but other transplantable tumors are also used.

Major Findings ; Work is continuing on the behavioral and metabolic
origins of the decline in food intake that is largely responsible for the
cachectic decay accompanying tumor growth. The feeding responses of

tumor-bearing animals to stimuli that induce feeding response in normal
animals are being examined. Some of the individual components of normal
feeding control that are impaired or unimpaired by tumor growth have been
identified and quantitatively assessed. Extensive laboratory studies of
the effect of 4 different transplantable tumors on response of rats to

lowered environmental temperature have now been completed and the very
extensive data are being analyzed. A study on the relationship between
the behavioral output of feeding and resultant food intake indicates that in
normal animals these two variables are partially uncoupled.

A project (J.D. Radcliffe) on the effects on the cachectic impulse of

various dietary amino-acid deficiencies and imbalances is in progress. In
some instances the depression of food intake due to deficiency is attenuated
by presence of a tumor. A preliminary report of the first part of this work
has been presented (Radcliffe and Morrison, Fed. Proc. : 38, Abst.#4776
(1979).
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A project (M.B.Popp) on the metabolic effects of total parenteral
nutrition (TPN) in normal rats and in rats growing MCA sarcoma is nearing
completion of the present phase. TPN does not appear to alter the energy-

metabolic pattern of normal rats significantly, but in the presence of tumor

the effect of TPN is complex and may, in some circumstances, be unfavorable.

A preliminary report of the work on TPN in tumor-free rats has been presented

(Popp, Morrison and Brennan, Fed. Proc. : 38, Abst. #1165 (1979).

Significance to Biomedical Research and the Program of the Institute :

The findings on control of feeding in tumor growth are throwing light on the

nature of cancer cachexia and should be utilizable in the development of

effective methods for improving the nutritional condition of cancer patients.

The section of the National Cancer Plan that the work most closely approximates

is: Objective 6 (Develop the means to cure cancers and to retard the progress

of cancers not cured). Approach 4 (Enhance the host's ability to eliminate

or prevent further development of Cancer) . It is also immediately relevant

to the 1974 Amendment to the Cancer Act (Collect .... information

respecting nutrition programs for cancer patients and the relationship between

nutrition and cancer)

.

Proposed Course of Research : Work in energy and water exchange of tumor

bearers will be continued along with study on the interaction of metabolic

and behavioral responses of normal and cancerous animals, with particular

reference to the reasons for the changes in food and water intake and

depletion of host tissues that occur during tumor growth. Objective 6,

Approach 4.

Publications:

1. Morrison, S.D.: Origins of anorexia in neoplastic disease.

Am. J. Clin. Nutr. 31: 1104-1107, 1978-

2. Morrison, S.D.: Anorexia and the cancer patient. In Devys,

Nichols and Seelig (Eds.). Nutrition and Cancer . (In Press).
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SUMMARY OF WORK (200 words op less - underline keywords)

Previous studies have shown that nuclei from all eukaryotic cells synthesize
polymers of ADPR and attach these to a variety of nuclear proteins ,

particu-
larly HI histone. This latter protein forms dimers if the polymer chains
attain a size of 15 units but fail to do so in nuclei containing poly (ADPR)

glycohydrolase , an enzyme which specifically degrades the polymer. This

catabolic enzyme has been quantitated throughout the growth cycle of Hela cells
No differences were found per cell in stationary vs. log phase cells but the

enzyme has been detected in two forms in the nuclei of cells. The major
fraction of the enzyme is present in the nuclear sap and is readily extractable
at physiologic ionic strength. The other form of the enzyme is cryptic and
inactive. It is dissociated from chromatin in 0.3 M NaCl and when dissociated,
is activated. The ionic strength needed to extract the glycohydrolase from
chromatin is about twice as great as that needed to dissociate purified enzyme
from double stranded DNA but similar to that needed to release the enzyme from

single stranded DNA.
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Project Description:

The project deals with the covalent modification of nuclear proteins by

the chromosomal enzyme, poly(ADPR) synthetase, the reversal modification by

poly(ADPR) glycohydrolase, and the consequences of these reactions in

cell physiology.

Me thods Employed : Similar to those reported previously.

Major Findings :

1. Detection of poly(ADPR) degrading activity in cells and its identity.

Sonication of whole cells in 0.3 M NaCl followed by high speed centrifugation

results in total solubilization of cell associated activity which degrades

labeled poly(ADPR). Analysis of the products of degradation by thin layer

chromatography, by paper chromatography and by high pressure liquid chroma-

tography indicate that the solubilized enzyme (s) cleave the polymer only at

the l'-2' glycosidic linkage. Thus the activity is identified as poly(ADPR)

glycohydrolase and only this enzyme.

2. Nuclei from Hela cells contain a cryptic, inactive poly(ADPR) glycohydro-

lase. Purified Hela nuclei contain no detectable, active polymer degrading

activity as demonstrated by the fact that labeled polymer made by these nuclei

does not turn over under standard assay conditions (low ionic strength).

However, under increased ionic strength turnover is effected because

poly(ADPR) glycohydrolase is dissociated from a bound state and becomes

active. A salt concentration dependency for release of the inactive, bound

enzyme indicated that the affinity of the enzyme to chromatin was similar to

that of the purified enzyme for single stranded DNA (half dissociated at

0.25 M NaCl) and different than the affinity of the enzyme for double stranded

DNA (half maximal dissociation at 0.12 M NaCl). The results suggest that the

enzyme activity may be titrated out of the nuclear sap onto regions of

single stranded DNA and thus reversibly inhibited.

3. The percent distribution of the poly(ADPR) glycohydrolase is the same in

log phase and stationary phase cells. By extracting the enzyme from whole

cells with low or high ionic strength buffer, the relative amount of

poly(ADPR) glycohydrolase bound (inactive) and unbound (nuclear sap, active)

could be quantitated. Comparison of the relative amounts of the two forms of

the enzyme in different growth stages indicated that about 1/2 of the enzyme

exists in a bound, inactive form in proliferating (log phase) or resting

(stationary phase) cells.

4. NAD, the precursor of poly(ADPR), appears to turn over predominantly

by its conversion to poly(ADPR) according to Reichsteiner . Since we have

shown that poly(ADPR) levels are very low (about 1/1000 the amount of NAD

in cells) it is apparent that turnover of NAD via poly(ADPR) formation
requires that poly(ADPR) turn over rapidly. Measurement of the total amount

of poly(ADPR) glycohydrolase reveals that this enzyme is present in
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sufficient amounts to degrade 3 times_as many NAD equivalents as are broken
down per cell per day (about 0.6 x 10 moles/cell/day.

Significance to Biomedical Research and the Program of the Institute :

(NCP Objective #6, Approach #3) . Understanding the mechanisms whereby
nuclear processes, such as chromatin condensation are controlled during cell
growth are vital to understanding cell cycle controls and rate limiting steps
in cells which are altered upon transformation. The results presented suggest
that poly(ADP-ribose) serves a role in modifying the structure of the
chromosomal fiber by acting as a bridge between proximal folds of the fiber
thus acting as a local, transient fixative. Such a process appears to be
essential . for progression of the cell to division since inhibitors of
polymer synthesis produce cell death.

Proposed Course of Research : Results gained to date show that poly(ADPR)
synthesis (and probably turnover) is important for cell cycle progression to
occur. Mechanistically it appears to be involved in a rapid, reversible
process altering chromation structure. Future studies will focus on a

continued identification of the types of nuclear proteins which are linked
to poly(ADPR) chains ±n vitro and the extension of these studies to the
in vivo state. For this end the major effort will be directed toward the
synthesis and screening of compounds for their potential for inhibiting
polymer turnover in vivo .

Publications:

1. Byrne, R.H. , Stone, P.R. and Kidwell, W.R.: Effect of polyamines and
divalent cations on Histone Hl-poly (ADPR) complex formation.
Exp. Cell Res . 115: 277-283 (1978).

252



SMITHSONIAN SCIENCS iiNFORMATlON SXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT i^UMBER

ZOl CB 05216-08 LPP

PERIOD COVERED

October 1, 1978 to September 30, 1979

TITLE OF PROJECT (30 characters or less)

Role of Cyclic Nucleotide on in vivo Tumor Growth Inhibition

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: Yoon Sang Cho-Chung
Other: Timothy Clair

Research Chemist
Chemist

LPP, NCI
LPP, NCI

COOPERATING UNITS (if any)

LAB/ BRANCH

Laboratory of Pathophysiology
SECTION

Office of the Chief
INSTITUTE AND LOCATION

NCI.NIH, Bethesda, Maryland 20205
TOTAL MANYEARS:

2.25

PROFESSIONAL:

1.25
CHECK APPROPRIATE 30X(£3)

C (a) HUMAN SUBJECTS

(al) MINORS (a2) INTERVIEWS

a (b) HUMAN TISSUES g] (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

Nuclear penetration of the cyclic AKP receptor complex , new phosphorylation
of a non-histone nuclear protein , and growth arrest are the sequential events

that occur in hormone-dependent mammary tumors following hormone removal
(ovariectomy) or dibutyryl cyclic AMP treatment of the host. Arginine , which

appears to protect the cyclic AMP receptor from proteolytic attack, shows a

synergistic effect with cyclic AMP both in vivo and in vitro . It is proposed

that nuclear translocation of a ternary complex , cyclic AMP • phosphoreceptor
protein kinase catalytic subunit , triggers hormone-dependent mammary
tumor regression .
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Project Description:

Methods Employed :

i. Tumors: Primary, 7, 12-dimethylbenz (a) anthracene (DMBA) -induced and
N-nitrosomethylurea (NMU)-induced mammary carcinomas, and transplantable
DMBA #1, MT13762, MTW9A, and MTW9 mammary carcinomas were used.

ii. DBcAMP treatment in vivo : DBcAMP 0.5 ^lO mg + 5 '>-50 mg L-arginine/0.

2

ml 0.85% NaCl 200 g rat was injected s.c. daily.

iii. cAMP-binding assay: a) Standard assay: cAMP-binding activity was
measured by the competition assay of Oilman at pH 4.5 or 6.5. b)

Total binding assay: the competition assay of Oilman was performed at
23° for 3 hr ( H cAMP-binding to proteins includes not only free sites
but also endogenously bound sites by the exchange)

.

Photoaff inity labelling of cyclic AMP-binding protein: The
photo-activated incorporation of 8^Nt-[ P]cAMP was performed by
method of Pomerantz et^ bI^- 8-N„-[ P]cAMP labelled proteins were
identified by SDS-polyacrylamide gel electrophoresis and followin
autoradiography.

V. Protein kinase assay: ^„The activity was determined by measurement of

the incorporation of P from y-labelled ATP into histone + cAMP.

vi. Endogenous phosphorylation: protein kinase dependent endogenous
phorphorylation was determined by the incorporation of P from

Y-labelled ATP into endogenous substrates.

vii. Cell fractionation, column chromatography and gel electrophoresis
(disc and slab) followed standard techniques.

Major Findings :

I. Identification and Characterization of Molecular Species of
cyclic AMP-receptor Proteins in Rat Mammary Carcinomas

Cyclic AMP receptor proteins ("receptor" denotes a high affinity
cyclic AMP binding protein) present in hormone-dependent and -independent
mammary carcinomas were identified and characterized by the use of the
photoaffinity label 8-azido[ PjcMIP and endogenous phosphorylation. The
cytosol from growing DMBA tumor (hormone-dependent) contained two specific
cAMP receptor proteins with apparent molecular weights of 39,000 and 56,000.
Both receptor proteins incorporated 8-azido[ P]cA>IP, but only 56,000-
dalton protein showed endogenous phosphorylation. The 56 ,000-dalton receptor
protein identified as the regulatory subunit of protein kinase type II, has
both intact binding sites for cAMP, and intact phosphorylation sites, whereas
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the 39,000-dalton protein, a proteolytic fragment of 56 ,000-dalton receptor,
has intact cAMP binding sites but defective phosphorylation sites. The
relative amount of the 56,000- to 39,000-dalton receptors varied within a same
type of tumors and no correlation can be made between the amount of these
receptor proteins and hormone-dependency of mammary tumors.

When growth of DMBA-induced tumors was arrested by either ovariectomy or
DBcAMP treatment of the host, however, the 56,000-dalton cAMP receptor increase:
markedly in the cytosol and then migrated into the nuclei, but 39,000-dalton
receptor protein showed no change. The increase of 56,000 dalton receptor
protein was closely related to the biological response of tumors since the

receptor protein did not increase in autonomously growing DMBA tumors
(tumors continue to grow following ovariectomy or DBcAMP treatment)

.

II. Nuclear Binding of cAMP Receptor and Nuclear Protein Phosphorylation

Our previous studies showed that during DBcAMP treatment in vivo ,

cAMP binding protein and protein kinase accumulated from the cytoplasm
into the nuclei of regressing, but not non-regressing tiimors. More
direct evidence that cytoplasmic cAMP-receptor protein penetrates into

the nucleus has been shown by experiments using tumor slices in an
in vitro system and a cell-free system.

When DMBA tumor slices were incubated with cAMP , benzamidine,
and arginine, the 56,000-dalton cAMP receptor increased markedly in

the cytosol, mimicking in vivo tumors regressing after DBcAMP
treatment or ovariectomy. Following its initial increase in the

cytosol, the 56,000-dalton cAMP receptor penetrated into the nucleus,
as shown by the photoaf finity-rcross-linking method using the

photoaffinity label, 8-azido[ Pj.cAMP. The nuclear binding of the

56,000-dalton cAMP receptor was then accompanied by a new phosphory-
lation of 76,000-dalton nuclear protein. These nuclear events were
not observed in hormone-independent mammary tumors which continue to

grow during ovariectomy or DBcAMP treatment.
To clarify the reason for a lack of nuclear accumulation of the

56,000-dalton cAMP receptor protein in the hormone-independent tumors,

activated cytosols (prepared from timiors preincubated with cAMP,

benzamidine, and arginine) derived from hormone-dependent and

hormone-independent tumors were incubated with either homologous or

heterologous nuclei (prepared from unincubated tumors) , then washed
nuclei were further incubated with [8- P]ATP to measure endogenous

phosphorylation of the nuclear proteins. The results showed that

when activated cytosols were derived from hormone-dependent tumors

,

the incorporation of P into both 56,000- and 76,000-dalton proteins
occurred markedly in the nuclei derived from both hormone-dependent
and -independent tumors, whereas the activated cytosols from hormone-
independent tumors did not induce phosphorylation in the nuclei of

either hormone-dependent or -independent tumors. The results suggest

that the hormone-independent tumor contains a defective cytoplasmic

cAMP receptor protein which fails to penetrate into the nucleus, and thus

does not exhibit phosphorylation of the 76,000-dalton nuclear protein.
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III. Sinergistic Effect of Arginine with DBcAMP on in vivo Growth Arrest
of Mammary Tumors

Injections (10 mg/200 g rat S.C.(day) of DBcAMP produce growth arrest
of DMBA tumors, but when arginine and DBcAMP were injected together, the
inhibitory effect of DBcAMP was greatly enhanced. Following daily injections
of 1/10 dose (1 mg/200 g rat S.C.) of DBcAMP plus arginine (50 mg/200 g
rat S.C), tumors regressed to 50% of their initial size within 5 days and
after 2 weeks many tumors regressed completely. The same treatment also
produced consistent regression of the hormone-dependent, transplantable
mammary tumor, MTW9 , but it did not inhibit the growth of the hormone-
independent mammary tumors, DMBA #1 and MT13762. Since the synergistic
effect of arginine and DBcAMP on growth arrest was not mimicked by DBcAMP
and other amino acids, such as lysine, tryptophan, or serine, it is likely
that arginine is specifically involved in the cAMP action of growth control.
Arginine has been shown to enhance both the cAMP-induced increase of the
56,000-dalton cAMP receptor protein in DMBA tumor slices in vitro and the
penetration of the cAMP receptor complex into tumor nuclei in a cell-free
system. Further studies on the effect of arginine in vitro may help to

elucidate the ±n vivo effect of arginine on cAMP-mediated tumor regression.

IV. Mechanism of cAMP-mediated Tumor Regression

Our results support the hypothesis that the translocation of a cytoplas-
mic ternary complex, cAMP • phosphoreceptor • catalytic subunit of protein
kinase to the nucleus triggers regression of a hormone-dependent mammary tumor,

The penetration of the receptor complex into the nucleus is maximal at
a physiological level of cAMP and minimal at both sub- and supra-physiologi-
cal levels, suggesting that the translocation of the cAMP receptor complex
to the nucleus is a property of differentiated cells that stop proliferating.
Similarly, the hormone-dpendent mammary tumors which retain the property of

differentiated cells, i.e., "hormone-dependency", are able to undergo
regression with the proper cAMP stimulation.

Arginine which appears to protect the cAMP receptor from proteolytic
attack, shows a synergistic action with cAMP both in vivo and in vitro .

This suggested that the structural and conformational integrity of the
cAMP receptor may be a critical factor for the formation and translocation
of the complex. The cAMP receptor must have both intact binding sites for
cAMP, and intact interaction sites for the catalytic subunit of protein
kinase. Moreover, it is the phosphorylated receptor, rather than ,the

dephosphorylated form, that participates in the complex.
The mechanism of cAMP action at the nuclear level, as demonstrated

by the nuclear translocation of the cAMP receptor complex, is similar to

that of steroid hormone action at the nuclear level. Thus an interrelation-
ship between these two receptor systems in their expression of genetic
information seems possible.

In all hormone-dependent mammary tumors, cAMP may exert growth
inhibition by counteracting with estrogen estrogen may promote
growth, whereas cAMP may be involved in the regression process. In
hormone-independent mammary tumors, cAMP may still induce regression as long
as cAMP receptor complex can be formed and translocated into the nucleus.
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Significance to Cancer Research and the Program of the Institute :

(NCP objective #6, Approach #3) .

These studies contribute to the understanding of the molecular mechanism
of cAMP-induced tumor regression. The translocation of cAMP receptor
complex to the nucleus, which is the key event leading to regression of

hormone-dependent mammary tumors, is maximal at a physiological level of
cAMP, suggesting that the translocation of the cAMP receptor complex to

the nucleus is a property of differentiated cells that stop proliferating.
Thus, the hormone-dependent mammary tumors that retain the property of
differentiated cells, i.e., "hormone-dependency", can undergo regression
with proper cAMP treatment.

Proposed Course of Research ;

To extend the investigation on the mechanism of cAMP action on growth control,
the following proposal is made: 1) purify protein kinase type II holoenzyme
from hormone-dependent and -independent mammary tumors and characterize the
physico-chemical properties of the isolated enzymes and their regulatory and
catalytic subunits; 2) characterize the molecular intermediates of the cAMP
receptor ternary complex that enters nuclei; 3) assess nuclear receptor
sites of these macromolecules; 4) assess gene modulation in relation to

nuclear translocation of cAMP receptor complex.

Publications:

1. Cho-Chung, Y.S., Clair, T. and Zubialde, J. P.: Increase of

cyclic AMP dependent protein kinase type II as an early event in
hormone-dependent mammary tumor regression. Biochim. Biophys.
Res. Comm. 85: 1150-1155, 1978.

2. Cho-Chung, Y.S., Archibald, D. and Clair, T. : Cyclic AMP receptor
triggers nuclear protein phosphorylation in a hormone-dependent
mammary tumor cell-free system. Science (In press)

.

3. Cho-Chung, Y.S.: Role of cyclic nucleotides on in vivo tumor

growth inhibition. In Vasku, J., Erban, J. and Kulc, K. (Eds.):

Progress in Pathology, Proceedings from the Second Congress on

Pathological Physiology . Academia Praha (In press).

4. Cho-Chung, Y.S.: Cyclic AMP and tumor growth in vivo . In

Kellen, J. A. and Hilf, R. (Ed.): Influence of Hormones in

Tumor Development . Cleveland, CRC Press, 1979, Vol. I, pp. 55-93.

5. Cho-Chung, Y.S.: Minireview: On the interaction of cyclic AMP-
binding protein and estrogen receptor in growth control.
Life Sciences 24: 1231-1240, 1979.

6. Cho-Chung, Y.S.: Nuclear translocation of cyclic AMP receptor
complex and mammary tumor regression. Nature . Submitted, 1979.

257



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 05219-08 LPP

PERIOD COVERED
October 1, 1978 to September 30, 1979

TITLE OF PROJECT (80 characters or less)

In vitro Simulation of Hormone-dependent Mammary Tumor Regression

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI; R.A. Knazek

OTHER: S.C. Liu
K. Watson

Senior Investigator

Chemist
Chemist

LPP, NCI

LPP, NCI
LPP, NCI

COOPERATING UNITS (if any)

None

LAB/BRANCH

Laboratory of Pathophysiology
SECTION

Cell Cycle Regulation Section
INSTITUTE AND LOCATION

NCI, NIH, Bethesda, Maryland 20205
TOTAL MANYEARS:

2.70
PROFESSIONAL:

2.65 0.5

CHECK APPROPRIATE BOX(£S)

n (a) HUMAN SUBJECTS

(al) MINORS [2 (a2) INTERVIEWS

n (b) HUMAN TISSUES (c) NEITHER

SUMMARY OF WORK (200 woras or less - underline keywords)
Target tissues respond to hormones only if specific receptors are present on or
within their cells. Alterations of the hormone-receptor axis may then modify the
response of target tissues (i.e. hormonal-responsive mammary carcinoma) to various
hormones and serve as a means for controlling the growth and function of such
tissues. We have shown that growth hormone induces the prolactin recepto r in
murine liver by acting at a site distal to the induced receptor. By making mice
deficient in essential fatty acids , both the intraperitoneal and mammary gland fat;

are markedly decreased. These deficient animals loose the normal ductal-alveolar
structures within their mammary glands, an effect that can be reversed by treat-
ment with exogenous linoleic acid. These deficient animals also have decreased
numbers of prolactin receptors within their livers and are unable to induce them

by hormone injections. Prostaglandins have, therefore been implicated in the mair.

tenance and induction of the PEL receptor in vivo. These studies indicate that

specific fatty acids modulate the functionality of prolactin receptors, probably
by altering prostaglandin synthesis. Mammary tissues have also been shown to syn-

thesize prostaglandins at rates that vary as a function of stage in the estrus

cycle. Dietary fat may modify effects of hormones on the mammary gland.
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Objectives : Reproduce and study In vitro , the hormone-dependent regress-
ion process of mammary tumors in vivo .

Methods Employed : Snell dwarf mice are autosomal recessive mutants whose
circulating levels of growth hormone and prolactin are much lower than their

phenotypically normal litter mates. These animals, consequently, attain only
1/4 of the normal weight.

A radioreceptor assay for prolactin and growth hormone receptors is used

to determine the ability of cell membranes to bind these polypeptide hormones.
Minor modifications of this procedure allow binding studies to be performed
on intact cells.

An assay for prostaglandin E and F,, has been set up consisting of organic
solvent extraction, silicic acid column chromatography, and radioimmunoassay.

Major Findings : We have shown previously that PRL receptors can be in-

duced in the murine liver by injection in vivo with either bGH or bPRL puri-

fied by polyacrylamide gel electrophoresis. GH was shown to induce but not to

bind to the receptor whereas PRL did both. These studies, plus the observation

that induction occurred even if protein synthesis had been blocked, indicated

that the receptors were being induced by exposing or altering receptor in such

a way that its binding site was made available to PRL. Since both GH and PRL

are known to be lipolytic, the above effects might be a result of modification

of the lipid bilayer of the plasma membrane of the target cell. This thought

prompted another series of studies wherein increases in the niimber of PRL

binding sites were also achieved by direct alteration of the phospholipids

within the hepatic membranes. This was accomplished both In vitro and in vivo :

1) incubating either phospholipase A„ or lysolecithin with the membranes in-

creased the PRL binding capacity by 50%, and 2) depleting C H mice of essential

fatty acids (EFA) by dietary means resulted in a 60% loss of PRL binding sites

within their livers, a loss that could not be reversed by treatment with exo-

genous PRL

.

Modification of the prolactin receptor could therefore be achieved by

changes in the character of the lipid bilayer of target membranes. Histologic

studies of mammary glands obtained from EFA deficient C3H mice support this

contention. Animals placed on either the control or deficient diet 1-2 weeks

after weaning possessed mammary glands that matured at similar rates, with the

primitive, broad ducts developing into thin branching ducts and alveoli during

the first 17 weeks on the diets. Thereafter, however, the percentage of mammary

glands possessing alveoli declined within the EFA deficient group until no alve-

oli were present after 32 weeks on the diet. The initial development of the

alveolar structures in the glands of the EFA deficient animals was thought to

result from EFA obtained from the nursing dams. Maintaining pregnant dams on

the deficient diets onward from mid-pregnancy confirmed this : mammary glands

of 16 week old pups that had been maintained on the same diets after weaning as

the dams had been prior to and through nursing were significantly less developed

in the deficient group when compared to the control-diet group. Examination

of the glands obtained from the multiparous dams after 33 weeks of dietary
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treatment, showed the alveoli to be absent in the deficient group whereas all
of the control-fed group possessed well-developed alveoli and ducts. This
indicated that not only were EFA needed for mammary gland development but also
for maintenance of pre-existing structures. The possibility that the above
observations were artifactual due to a lack of an essential trace contaminant
in the EFA deficient diet was ruled out by injecting 10 yl purified linoleic
acid (an essential fatty acid) into the EFA-deficient animals thrice weekly
during their 32 week dietary trial. Such animals all developed morphologically
normal mammary glands. Linoleic acid appears to be necessary for mammary gland
development.

Since linoleic acid is the precursor for the prostaglandins, the possibi-
lity exists that the regulation of PRL receptors and/or the mechanism through
which PRL or GH acts may be via the prostaglandin pathway. It has been shown
that mammary gland homogenates synthesize prostaglandins E and F„ in amounts
that vary with the stage of estrus. Approximately 1300 pg PGF /mammary gland
membrane protein is synthesized in 2 hours at 37 "C in vitro if the mammary
glands were obtained from animals in early diestrus, whereas, no PGF is syn-
thesized by mammary gland homogenates obtained from animal in late proestrus-
early estrus. The same pattern holds true for PGE synthesis except that the
amounts are approximately 10-fold less and the nadir shifts to late diestrus.

Significance to Cancer Research : Demonstration that prolactin receptors
are induced by growth hormone indicates that this hormone may play a central
role in the responsiveness of mammary carcinoma to hormonal stimuli. The fact
that growth hormone appears to accomplish this without binding to the induced
receptor, implicates a distal trigger site and indicates that importance of

cell-cell or tissue-tissue interactions in vivo . The requirement for essential
fatty acids and prostaglandins to modulate the prolactin receptors indicates
that the lipid stores play an important role in maintaining the responsivity
of target tissues to circulating hormones. These studies support and explain,
in part, the demographic correlation of mammary carcinoma with high dietary
fat intake throughout the world.

Proposed Course of Research : The role of prostaglandin in the induction
of the prolactin receptor and prolactin action will continue to be studied
in vivo and in vitro . The role of prostaglandin in the development of the
mammary gland will also continue to be studied.

Publications

:

1. Knazek, R. A., Liu, S. C, Graeter, R. L., Wright, P. C, Mayer, J. R.,
Lewis, R. H., Gould, E. B., and Keller, J. A.: Growth hormone causes
rapid induction of lactogenic receptor activity in the Snell dwarf mouse
liver. Endocrinology 103: 1590-1596, 1978.

2. Monaco, M. D., Lippman, M. E., Knazek, R. A. and Kidwell, W. R.: Vasopress-
in stimulation of acetate incorporation into lipids in a DMBA-induced rat
mammary tumor cell line. Cancer Res

.

4101-4104, 1978.
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3UMMARY OF WORK (200 words or less - underline keywords)
The artificial capillary culture technique provides a pericellular microenviron-

ment that closely resembles the in vivo state. This may allow normal cells to

maintain their differentiated functions for prolonged periods of time in vitro .

Cells are maintained in a physiologic state without many of the artifactual con-

ditions imposed by more standard methods of tissue culture . The technique is,

therefore, especially well suited for the culture of cells of endocrine origin.

Response of the cells to various hormones over long periods with the possible

application to continuous production of hormones for laboratory and clinical usesi

Preliminary experiments have shown that follicles form within rat ovarian tissue I

grown within the extracapillary space of the culture units. These cultures are
!

being used to study the effects of PRL, GH, FSH, and estrogen upon the synthesis

and secretion of prostaglandin by ovarian tissue.
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Objectives : A method is being developed for studying hormonally respon-

sive tissues in vitro . Both mammary and ovarian tissues are target organs that

are being used to determine the mechanism of action of prolactin.

Methods Employed : A bundle of tube-shaped semi-permeable membranes per-

fused with tissue culture medium, simulates the in vivo capillary bed. Isola-

ted cells or tissue masses injected into the extracapillary space receive
nutrients and have cell products removed by diffusion through the capillary
walls. In this nearly physiologic environment, established cell lines form
solid masses of tumor while primarily explanted tissues continue to function
in a normal manner, in some cases, for several months.

Female Sprague-Dawley rats are hypophysectomized (HIFR) at 21 days of

age and implanted subcutaneously with a silastic-encased diethyl stilbestrol
(DES) pellet. The presence of high concentrations of this estrogenic substance
in the absence of gonadotropins stimulates the proliferation of granulosa
cells. Dispersal of such ovaries can be achieved by forcing the tissues
through a stainless steel wire mesh and resuspending the granulosal isolates
and clumps of retained interstitial tissue in sterile tissue culture medium.

Major Findings : The standard artificial capillary culture unit, which
was developed in this laboratory, has previously been shown to provide a

nutrient matrix which permits established cells to grow and form solid tumor
masses in vitro . Secretory cells have retained their function in such a
system for several months. Modification of the recirculating perfusion medium
into a single pass mode of operation has demonstrated its value in studying the
response of cell masses to physiologic hormones and chemotherapeutic agents.

Ovarian interstitial tissue admixed with a suspension of granulosa cells
was obtained from the above animals and injected into the extracapillary space
of a capillary culture unit (CCU) . The CCU was perfused with sterile medium
for 3 days at a rate of 3 ml/min. No hormonal manipulations were made until
the third day when oFSH was added to the recirculating perfusate to provide a
final concentration of 100 ng/ml. One day later, the medium was replaced by
formaldehyde and the CCU perfused for one day prior to being imbedded in 10%
agarose and sectioned for histologic study. Healthy follicles of all grades
were observed, some containing ova indicating that this method may provide
a means by which the effects of PRL, GH, and gonadotrophic and steroid hormones
upon the ovary can be studied in vitro.

Significance to Cancer Research and the Program of the Institute : The
characteristics of the capillary culture unit enable rapid responses to both
stimuli and inhibitors of cell function to be studied in a nearly physiologic

in vitro environment

.

Proposed Course of Research : Both ovarian and mammary tissues will be
studied within the artificial capillary culture unit in conjunction with our
efforts to study the growth and regression of hormonally-responsive tumors

in li^I£.- Prostaglandin synthesis by these tissues will be determined in
response to prolactin, growth hormone, and steroid stimulation. The ductal
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and alveolar structures of the rat mammary gland will be cultured on artifi-
cial capillaries coated with various types of collagen in an attempt to culture
normal mammary tissue in a three dimensional structure and thus provide an
in vitro model that more accurately reflects the in^ vivo state for the study
of mammary gland growth and tumor regression.

Publications

:

1. Gullino, P. M. and Knazek, R. A.: Tissue Culture On Artificial Capillaries.
In: Jakoby, W. (Ed.): Methods in Enzymology . New York, Academic Press,
1979, p. 178-184.

2. Knazek, R. A. and Gullino, P. M.: Semipermeable envelope for cell
migration in artificial capillary culture. (U. S. Patent Pending
#892-853) April 1978.

3. Knazek, R. A., Gullino, P. M. and Frankel, D. S.: Dual circuit woven
artificial capillary bundle for cell culture. (U. S. Patent Pending
#850-810) November 1977.
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SUMMARY OF WORK (200 words or less - underline keywords)

To characterize the behavior of ribosomal particles in a non-growing cell

population in which the rate of protein synthesis is maintained at low levels

;

to correlate such behavior with the limitation in protein synthesis so as to

understand the mode of translational control employed by the cell in adjusting
protein synthesis to growth and metabolic activities; to determine the regula-
tory steps which are operative in the enhancement of protein synthesis associa-

ted with the onset of cell growth ; to relate modifications of the cell membrane

with biochemical alterations regulating nuclear and cytoplasmic functions as

they participate in control of cell proliferation ; to detect and characterize
the biochemical steps which control protein synthesis during the physiological
cessation of cell growth and division.
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Project Description:

Major Findings : Studies are continuing in the characterization of an
RNA component which seems to be rate-limiting for protein synthesis in rest-
ing lymphocytes, and whose level appears to rise following growth stimulation,
thereby permitting increased protein synthesis. Evidence suggesting the
existence of this material is

:

a. Progressive decline in rate of protein synthesis in resting lympho-
cytes upon abolition of RNA synthesis with actinomycin-D (AMD)

.

b. Immediate onset of this decline in resting cells.
c. Delayed onset of the decline in growth-stimulated cells.
d. Absence of any effect of AMD on protein synthesis in enucleated

lymphocytes.
e. Equivalent effect on protein synthesis of inhibition of RNA synthesis

by cordycepin (3'AdR), which inhibits RNA synthesis by a totally different
mechanism from AMD.

f. Localization of site of action of AMD-sensitive component to some

point in initiation of protein synthesis.

Studies in identification of the regulatory RNA are centered on:

a. Small cytoplasmic RNA species of no known function.

b. Studies of tRNA, particularly tRNA ™
.

Other RNA forms (rRNA, mRNA) can be eliminated on the basis of previous

information.

To date we have identified one low-molecular weight RNA (MW ca. 52000)

which turns over rapidly in lymphocyte cytoplasm. However, upon growth-
stimulation, synthesis of this material does not appear to increase dispropor-
tionately, reducing the likelihood that it is the regulatory RNA being sought.

Further studies must await large-scale purification of this material, and

development of an adequate assay system in which to measure its participation
in initiation.

In a study of the forms of tRNA found in lymphocytes, we have identi-

fied an unusual species which behaves like tRNA. in that it acts a substrate

for E. coli aminoacyl synthetase. However, unlike tRNA. , it does not parti-

cipate in the formation of 40S initiation complexes. This tRNA class turns

over much more rapidly than tRNA. , and increases its relative and absolute

concentration on growth stimulation, making it a good candidate for the

regulatory RNA. Our current working hypothesis is that this tRNA form is a

competetive inhibitor of a low molecular weight inhibitor of initiation

found in the cytoplasm of resting lymphocytes.

This inhibitor was found in the post-ribosomal supernatatant from resting

thymocytes. It inhibits the binding of tRNA. to 40S ribosomal subunits,

and is itself inhibited by increasing concentrations of initiation factors.

It is of low molecular weight (ca. 1300) and may be an oligopeptide. Further

characterization is in progress.

Previous studies revealed that an important permissive step in activation

of lymphocyte protein synthesis was the mobilization of large numbers of
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inactive free ribosomes to enter polysomes. A required first step in this
activation is the dissociation of SOS free ribosomes to 40S and 60S native
subunits. This dissociation is mediated and stabilized by a protein complex
called dissociation factor (DF) . In order directly to measure DF activity in
lymphocytes as they undergo activation a sensitive assay for DF is required.

A published method utilizes the differences in peptidyltransferase
activity between 60S and SOS ribosomes as the basis for measuring DF activity.
However there is only a 3-4 fold difference, the background is high, and the
tRNA has to be purified. Many different ways of modifying the assay were
explored. The result is an assay that is simple, rapid, and very sensitive
(the amount of D.F. binding to 0.001 optical density units of 40S ribosomes
can be easily detected.)

The assay should allow the detection of changes in D.F. activity in
stimulated lymphocytes and should be useful to other groups studying ribosome
dissociation factor or peptidyltransferase.

In initial studies using this assay, we have found that the amount of
D.F. activity bound to ribosomal particles rose nearly 2-fold following
growth stimulation, and total cell D.F. activity rose by 50%. Moreover, in
resting cells, ca. 45% of the D.F. activity was found free in the post-
ribosomal supernatant. This fraction diminished on growth stimulation.
These preliminary findings suggest that, following growth stimulation, there
is both a modest increase in total D.F. activity and an increase in binding
of that available. It is possible that the free D.F. may be in an inactive
state. This is being further examined.

A study has been initiated of the patterns of protein synthesis in
resting and growing human l3miphocytes and in malignant cell lines. The
technique of two-dimensional polyacrylamide gel electrophoresis is being
employed, together with staining and radiofluorography of labeled proteins.
A computerized analysis of the large number of proteins visualized by the
method is being employed.

Following growth stimulation, 3 classes of proteins may be discerned:
a. The synthesis of the great majority of proteins is coordinately

increased (several hundred different proteins). This increase is blocked by
the presence of actinomycin-D.

b. Two proteins whose synthesis is increased disproportionately rela-
tive to all the rest. This disproportionate increase is also blocked by AMD.

c. One protein whose synthesis is increased disproportionately and
which is not blocked by AMD.

These results suggest multiple types of translational control or

postranslational modifications operating early in the course of lymphocyte
activation.
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32
Labeling with PO, and immunoprecipitation techniques are being used

to characterize the changes in protein synthesis further. Mouse myeloma
-mouse spleen cell hybridomas are being produced to obtain monoclonal anti-
bodies to specific proteins, so that detailed identification and quantitation
can be undertaken.

In collaboration with the enzyme chemistry section, NIDR, a study of

the role of transglutaminase and the metabolism of polyamines in lymphocytes
is in progress. It was found that lymphocytes metabolize putrescine, con-
verting it to spermine and spermidine. Of great interest was the finding of

covalent linkages between one NH„-terminal of spermidine and (presumably)

the Y-carboxyl group of glutamic acid in proteins. The formation of these

linkages is markedly increased following growth stimulation. The linkages
are thought to be formed by the activity of transglutaminase. Detailed
identification of the compounds is in progress. Two dimension gel-electro-
phoresis studies suggest that a very small number of proteins is involved.
The modification of these proteins by polyamine linkages may be an important
modification related to cell growth stimulation.

Significance to Biomedical Research and the Program of the Institute ; By

the elucidation of the mechanisms which regulate protein synthesis in resting

cells and during a physiological growth sequence, we hope to provide the basis
for recognition and understanding of derangements in these controls which may
characterize malignant transformation. This objective supports Objective 3-1

of the NCP.

Proposed Course : 1) Identify and purify the RNA species which regulate
protein synthesis in resting lymphocytes. 2) Define the site and mode of

action of this RNA. 3) Examine the mechanism by which the production of this

RNA is increased following growth stimulation. 4) Continue assay for DF and

correlations of DF levels with early growth-related changes in ribosome

activity. 5) Studies of interaction of cell membrane components with intra-

cellular constituents to define the nature of the lymphocyte activation pro-

cess. 6) Characterize the inhibitor of translation initiation found in

lymphocyte cytoplasm and define its interaction, if any, with the RNA which

regulates protein synthesis. 7) Continue studies of protein patterns of

resting and growing normal and malignant cells. Localize specific proteins

to subcellular fractions to increase knowledge of their role in metabolism.

Publications :

1. Harms-Ringdahl, M. and Cooper, H. L. : Sequential Changes in Ribosomal

Activity during the Activation and Cessation of growth in lymphocytes

stimulated with Concanavalin A. J. Cell. Physiol . 97: 253-264, 1978.

2. Cooper, H. L. : Evidence for a non-messenger RNA which is rate-limiting
for protein synthesis in lymphocytes. In Ouastel, M. (Ed.): Proc. of

the 12th International Leukocyte Culture Conference. New York,

Academic Press. In press.
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SUMMARY OF WORK (200 words or less - underline keywords)

Methods for the isolation of intact RNA from the cytoplasm of normal peripheral
blood lymphocytes and lymphoblastoid cells have been developed. The procedures
make use of ribonucleoside-vanadyl complexes as nuclease inhibitors during cell

lysis and during subsequent purification of cytoplasmic particles on sucrose
density gradients. Messenger RNA prepared from resting lymphocytes using these
methods has a sedimentation value of 16 S whether or not it is polysome-bound.
The mRNA from normal cells is potentially capable of directing protein synthesis
Messenger RNA obtained from Namalva cells using these techniques is also
translatable. After induction with virus a 13 S mRNA was recovered from denaturiri,

sucrose gradients which, when injected into frog oocytes, directed the synthesis
of biologically active interferon.
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Project Description:

Major Findings : The study of mRNA isolated from living cells requires
dependable methods for obtaining intact translatable material. Most pro-
cedures employ high concentrations of denaturants such as urea, guanidine
hydrochloride or sodium dodecylsulfate to disrupt intact cells, organelles and
internal structures of all kinds. Other procedures make use of 2-phase systems
which partition cellular material into an aqueous, RNA-rich layer and a proteir
rich, organic layer. The purpose of these approaches when used singly or in
combination is to prevent cellular ribonucleases from degrading the desired
RNA molecules while effecting a purification. Therefore, the faster and more
thoroughly the enzymes can be denatured and the faster the RNA can be freed
from them the better the method by conventional standards.

This view of RNA purification is limited. It permits the isolation of
RNA from some cells, often in an intact state, but only at the expense of

sub-cellular organization. The study of the processes regulating transcription
and translation, the study of mRNA processing and turnover and the interrela-
tionships existing among these cellular functions, to mention a few areas of

research, require preservation of noncovalent complexes between RNA and
protein. Clearly, nucleases must be inhibited by gentler means.

We have developed methods for the isolation of RNA or RNA' protein com-
plexes suitable for normal resting and growing lymphocytes and a lyraphoblastoid

cell line. The method makes use of an inhibitor for ribonuclease with speci-
ficity broad enough to render all nucleases encountered in these cells in-

capable of degrading mRNA. The active compound is a ribonucleoside-vanadyl
complex. It is an analog of the 2' ,3'-ribonucleoside monophosphate (cyclic)

which is believed to be a transition state in the enzyme catalyzed hydrolysis
of RNA by ribonuclease. We have achieved the synthesis of this material at

the high concentrations necessary for working with cell lysates. When compared
with both traditional ribonuclease inhibitors and some uncommon ones, this

compound performed well. It protected exogenous radioactive heterogeneous

nuclear RNA added to the cytoplasm of detergent-lysed resting human peripheral

blood lymphocytes from degradation by endogenous nucleases. The protection

was apparently complete at 37 for 30 minutes and at 4 for 120 minutes. The

only other compounds equally effective by these criteria were heparin and

diethyl pyrocarbonate. However, as shown below, these substances had to be

eliminated after more rigorous tests.

In order to study cytoplasmic events involving mRNA, the nucleases must

be inhibited under conditions which maintain the distinction between the cyto-

plasm and the nucleus. Both diethyl pyrocarbonate and heparin failed to main-

tain the integrity of the nucleus , heparin because of its detergent capabili-

ties and diethyl pyrocarbonate because of its ability to solubilize membranes.

In comparison, ribonucleoside-vanadyl complexes, had no deleterious effects.

Under conditions in which the nuclear RNA was labeled but the cytoplasmic

molecules were not, cell lysis in the presence of these complexes did not

release nuclear RNA into the cytoplasm. Although we could show that large
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amounts of high molecular weight radioactive hnRNA were produced, neither
intact molecules nor fragments were found as contaminants in our cytoplasmic
preparations. Thus, undergraded cytoplasmic RNA could be prepared by suspend-
ing intact cells in buffer with ribonucleoside-vanadyl complexes, lysing the
cells and removing the nuclei by centrifugation.

The effect of these complexes on the cytoplasmic components was tested
in sucrose gradients. Ideally, a ribonuclease inhibitor should be compatible
with seprations of polysomes, ribosomes , ribosomal subunits and mRNA • protein
particles. Since these separations are usually performed on sucrose density
gradients, we analyzed the behavior of lymphocyte cytoplasm produced with
ribonucleoside-vanadyl complexes on low salt gradients contaiing a fixed
concentration of the complexes. By adjusting the amount of Mg"*"^ to accomodate
binding of this ion by the inhibitor, adequate separations of the cytoplasmic
components were accomplished. Furthermore, mRNA isolated from the polysomes
as well as mRNA not bound to any ribosomal particles was intact, that is sedi-
mented at 16 S when assayed on denaturing formamide-sucrose gradients. On the
contrary, neither heparin nor diethyl pyrocarbonate was entirely satisfactory
for nuclease inhibition during sucrose density gradient centrifugation of
cytoplasm. Diethyl pyrocarbonate has been shown to cause dissociation of ribo-
somal subunits and heparin, at 2 mg/ml, did not prevent attack by nucleases.
The mRNA recovered from gradients containing the latter substance sedimented
with a peak at 12 S instead of 16 S.

Although mRNA isolated in the presence of ribonucleoside-vanadyl complexes
appears to be intact from size measurements, the functionality of the mRNA
isolated from human lymphocytes has never been demonstrated. In cell free

systems mRNA isolated from phytohemagglutinin-stimulated normal lymphocytes
in the presence of the ribonucleoside-vanadyl complexes stimulated protein
synthesis in the wheat germ system 2 to 3-fold over background, whereas globin
mRNA at the same concentration stimulated protein synthesis 50 to 200-fold.
The translatability of lymphocyte mRNA in the nuclease-treated reticulocyte
system was also disappointing. Since we believe the failure of lymphocyte
mRNAs to direct protein synthesis in cell free systems is not an artifact of

our isolation procedures, a different type of experiment has been performed
to test our methods. Lymphocytes were lysed in buffer containing globin mRNA
both in the presence and absence of the ribonucleoside-vanadyl complexes. The

globin mRNA was then reisolated from the lymphocyte cytoplasm and tested for

its ability to direct protein synthesis. Only globin mRNA prepared in the

presence of the complexes was active. Furthermore, the ability of the reisola-
ted globin mRNA to stimulate protein synthesis was identical with that of glo-=

bin mRNA which had never been exposed to lymphocyte cytoplasm. Therefore,
the data show that ribonucleoside-vanadyl complexes are capable of protecting
mRNAs from degradation by lymphocyte nucleases and that the failure of

lymphocyte mRNAs, themselves, to stimulate protein synthesis reflects a

phenomenon other than degradation.

Ribonucleoside-vanadyl complexes have also been used to isolate mRNAs
from Namalva cells. These cells are lymphoblastoid B cells which when
induced with New Castle disease virus produce copious amounts of interferon.
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In the presence of the complexes, cytoplasmic poly (A) bearing RNA molecules
have been isolated from these cells and characterized on denaturing
sucrose gradients. When translated in frog oocytes, the fraction of mRNA
sedimenting at 13 S directed the synthesis of interferon. Other fractions
were negative. It should be emphasized that an mRNA which directed the
synthesis of a protein with demonstrable biological activity has been
obtained by us from lymphoid cells using ribonucleoside-vanadyl complexes
as nuclease inhibitors.

Significance to Biomedical Research and the Program of the Institute :

This project conforms to the Objective #3, Approach #1 of the National Cancer
Plan. It aims at an understanding of the biochemical control mechanisms by
which normal cell growth and function are maintained. The causes of disordered
cell growth and activity in neoplasia may then be better understood and
rational attempts made to prevent or modify them.

The project also conforms to Objective #2, Approach #2. Since interferon
produced in vivo or administered as an external agent may be effective in

preventing or curing some types of cancer, it is essential to understand both
its mode of production and its mechanism of action in normal, virus-treated

and malignant cells.

Proposed Course of Research : Using the interferon mRNA as a model we

will study the production and processing of mRNA. We will examine the role

of bound proteins in the processing of hnRNA, in the translation of the mature
mRNA and in the degradation of mRNA. We will also study sequence difference
between polysome-bound and free RNAs and between stable and labile mRNAs.

These studies will require the use of cDNA probes. Experiments with lympho-

blastoid cell lines with normal resting lymphocytes and with mitogen-treated

or virus-treated lymphocytes are envisaged. Such studies are essential in

understanding the regulation of mRNA synthesis in resting, growing, malignant

and virus-infected cells and its ultimate effect on protein synthesis.

Publications:

1. Berger, S.L. : Lymphocytes as resting cells. In Jakoby, W.B. and

Pastan, I.H. (Eds.) Methods in Enzymology . New York, Academic Press,

1979, 58: A86-494.

2. Berger, S.L. and Birkenmeier, C.S.: Studies on mRNA in resting and

growing lymphocytes. In Quastel, M.R. (Ed.): Proceedings of the

12th Leucocyte Culture Conference. New York, Academic Press,

1979, in press.

3. Berger, S.L. and Birkenmeier, C.S.: Metabolism of mRNA in growing

human lymphocytes. Biochim. Biophys . Acta 562: 81-91, 1979.

4. Berger, S.L., Hitchcock, M.J.M. , Birkenmeier, C.S., Zoon, K.C. , Friedman,

R.M. and Chang, E. : Ribonucleoside-vanadyl complexes as nuclease inhibi-

tors: Preparation of interferon mRNA from Namalva cells. In Krim, M.

and Stewart, W.E. (Eds.): Proceedings of the 2nd International Workshop

on Interferons. New York, Rockefeller Press, 1979, in press.
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Previous experiments on human and rodent mammary tissues have demonstrated that

carcinomas and hyperplastic lesions at high risk of neoplastic transformation
show a high frequency of angiogenic response. Other reports have indicated
that the intestitial fluid of tumors in vivo has a strong angiogenic activity .

Present attempts aim at: 1. Isolating the angiogenesis factor(s) in the

tumor interstitial fluid and 2. Developing an RIA for the factor (s) as a tool

for detecting high tendency to neoplastic transformation in lesions
morphologically not suspected.

272



Project No. ZOl CB 08215-02 LPP

Project Description:

Objectives :

1. To extract the angiogenesis factor (s) from the tumor interstitial fluid

2. To obtain an antibody against the purified tumor angiogenesis factor for

the development of a RIA.

Methods Employed : The interstitial fluid of MTW9 mammary tumors is

sampled with a technique previously developed. Fractions are implanted on

the chorion-allantoic membrane of the chick embryo and the development of

neovascularization is monitored through daily observation with a stereo-ZOOM

microscope. Implants in the rabbit cornea are performed in selected cases

in order to provide a more accurate diagnosis of the angiogenic activity. The

combination of these two techniques allows us to obtain more meaningful results

in a quicker and less expensive way.

Major Findings :

1. The tumor interstitial fluid has a strong angiogenic activity.

2. The possibility of isolating the angiogenesis factor (s) is still

uncertain.

Significance to Cancer Research and the Program of the Institute : The

isolation of the angiogenesis factor (s) and the development of a RIA could

provide a useful tool for detecting hyperplastic lesions at high risk of

neoplastic transformation. The diagnostic use of this procedure in the

large number of mammary biopsies could permit detection of high risk

populations and contribute to prevention of mammary carcinomas.

Proposed Course of Research : To complete the study as outlined in the

Objectives.

Publications:

None
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SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of this project is to study the synthesis of a-lactalbumin and
casein protein and their mRNAs in the mammary tumors during growth and
regression. The results have shown that MTW9 mammary tumors whose growth
is dependent on mammotropic stimulus, synthesize a-LA and caseins. Withdrawal
of mammmotropic hormones arrests the synthesis of a-LA and 42K casein proteins
as early as six hours after the onset of regression. a-LA mRNA levels
compared with the growing tumors were reduced at this time of regression.
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Project Description:

Methods Employed :

The methods being used are detailed in Project No. ZOl CB 08231-02.

Major Findings :

1)- Rat mammary tumors - 7-12-DMBA, MNU, R3230AC and MTW9 - labeled with

S -methionine for 30 min. in explant cultures showed by specific immuno-

precipitations for a-LA and caseins and by analysis of the immunoprecipitates

on the SDS gels that these tumors synthesize these proteins. MTW9 tumors

synthesize a-LA and caseins at a higher rate than rest of the tumors.

2) MTW9 tumor, which depends on mammotropic stimulus for growth,

synthesizes a-LA in greater quantities than 42K, 27K and 24K caseins.

3) As early as 6 hrs after the onset of regression of MTW9 tumors with the

withdrawal of mammotropic hormones, the synthesis of a-LA and 42K casein

proteins are arrested without any detectable change in the overall rate of

protein synthesis.

4) Quantity of a-LA mRNA sequences, measured with the cDNA probe for

a-LA, was reduced in 6 hr regressing tumors as in growing tumors.

These results show very early turning off of the differentiated

functions by decreasing the levels of mRNA.

Significance to Cancer Research and the Program of the Institute :

Understanding the response of several mammary tumors to various hormonal

manipulations will help in designing experiments for early detection and

appropriate treatment of breast cancer.

Proposed Course of Research :

Role of prolactine in regulating the synthesis of a-LA at transcriptional

level in MTW9 tumors will be studied.

Publications

:

None

275



SMITHSONIAN SCIENCE INFORMATION SXCHANGi
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE Of

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 08218-04 LPP

PERIOD COVERED

October 1. 1978 to September 30. 1979
TITLE OF PROJECT (30 characters or less)

Studies on Hormonal Mechanism(s) Regulating the Expression of Milk Protein

in Rat Mammary Gland at Different Stages of Development

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: Pradman K. Qasba
Other: H.L. Nakhasi

Linda Dart
Edward Knox

Expert
Visiting Fellow
Biologist
Physical Science
Technician

LPP, NCI
LPP, NCI
LPP, NCI

LPP, NCI

COOPERATING UNITS (if an;^)

none

LAB/BRANCH

Laboratory of Pathophysiology
SECTION

Office of the Chief
INSTITUTE AND LOCATION

NCI,NIH, Bethesda, Maryland 20205
TOTAL MANYEARS:

1.50
PROFESSIONAL: OTHER:

,50 1.0
CHECK APPROPRIATE 80X(E3)

U (a) HUMAN SUBJECTS

D (al) MINORS C (a2) INTERVIEWS

n (b) HUMAN TISSUES U (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of this project is to understand the regulation of the synthesis
of milk proteins and their mRNA in rat mammary gland at different stages of

gestation and lactation. The studies include: (a) measurement of the content
of a-lactalbumin and caseins - 42K, 29K and 25K - along with the levels and

activities of their mRNAs in the mammary gland at various stages of gestation
and lactation; (b) the rate of synthesis of ct-LA and caseins in the explant
cultures of these glands; (c) identification of the precursors of a-LA and

casein mRNAs and (d) the influence of hormones, in particular prolactine, on

the synthesis of these proteins and their mRNAs in the glands at different
stages of gestation.
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Project Description:

Methods Employed : Some of the methods employed have been detailed in

project ZOl CB 08219-03 LPP. Other methods developed were as follows:

(a) Detection of milk proteins -a-LA and 42K, 29K and 25K caseins -

required developing radioimmunoassays which are more sensitive than other

methods like enzymatic assays for a-LA and rennin - Ca precipitation for

caseins. This required purification and characterization of these proteins

(see project ZOl CB 08218-02), iodination of these proteins and setting up

of competitive radioimmunoassays. (b) For measuring the rate of a-LA and

casein synthesis, the gland was labeled with S methionine in explant

cultures., the labeled a-LA and caseins were immunoprecipitated with specific

antisera raised in rabbits against pure antigens and the labeled immuno-

precipitates analyzed on SDS polyacrylamide gels. (c) For the measurement

of mRNA activities, RNA was translated in wheat germ translational systems

and the in vitro synthesized proteins immunoprecipitated and analyzed on

gels. (d) For the measurement of mRNA sequences, P "" labeled cDNA probes

were made against pure a-LA mRNA and 16S doublet casein mRNA (see

Project No. ZOl CB 08219-03). Messenger RNA sequences were quantitated by

R t analysis. (e) For the identification of the mRNA precursors, the
° RNA was analysed (1) on sucrose gradients under denaturation conditions

and fraction was then hybridized with the cDNA probes and (2)

on 2% agarose gels containing methyl mercury hydroxide. The RNA was then

transferred to diazotized amino benzyloxy methyl cellulose paper which was

then hybridized to P cDNA probes. (f) The explant cultures from virgin

and 14 day gestating glands were employed for the studies on the effect of

prolactine on the synthesis of a-LA and caseins.

Major Findings : The content of a-lactalbumin and three species of

caseins, 42K, 29K and 25K, were measured along with the levels and

activities of their mRNAs in rat mammary gland at different stages of

gestation and lactation. Part of these results were reported in the

project ZOl CB 08231-02 LPP. They are summarized here as follows:

1. The content of a-lactalbumin and caseins measured in the gland showed

that in the rat mammary gland these differentiated functions are already

expressed at the onset of gestation. There is an increament of 3 to 4 fold

over the virgin level observed for both a-LA and 42K caseins during

1-2 days of gestation. After this increment a-LA content decreased more

slowly until 12th day and then started to increase thereafter. 42K

casein after the initial increment remained unchanged during the first week

of gestation and then increased thereafter. 2. During the 2nd and 3rd

week of gestation, the amounts of a-lactalbumin within the gland increased

continuously but not uniformly and caseins accumulated rapidly with a

tendency to plateau around the 13th and 16th day of gestation. 3. The

levels of a-lactalbumin mRNA and 16S doublet casein mRNA sequences increased

by about 8 fold for a-lactalbumin mRNA and 6 fold for casein mRNA during

the first week of gestation. These levels are, however, out of phase with
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the protein levels during this period but they remain in phase thereafter.
These results show: a) that the manmary gland is thus geared to synthesize
a-LA and caseins in addition to many other proteins, within the 2nd day of
pregnancy; b) the phasic expression of milk proteins during pregnancy; and
c) during first 2-3 days of gestation the mRNA levels detected by cDNA
probes did not match with the protein content of the gland, however, these
levels did match during the second and third week of gestation.

Increased Levels of a-LA in Second Day gestating Gland is due to
Increased Rate of Synthesis of a-LA
The mammary explants of 2,8 and 15 day pregnant gland labeled with

S - methionine for 1 1/2 to 3 hr showed the rate of synthesis of a-LA in
2nd day gestating gland is 2.2 times higher as compared to the 8th day
gestating gland. However, the levels of its mRNA during this period do not
change proportionately as the rate of protein synthesis. Since the
messenger sequences and activities have been measured in the total RNA of
the gland, the more elevated levels of proteins, i.e., a-LA and 42K casein
and higher rate of synthesis than expected from the mRNA levels may be the
result of one or more of the following possibilities: 1) the mRNAs are
more efficiently translated during this period; or 2) the mRNAs are more
efficiently transported into the cytoplasm and made available as
polysomal RNA.

Influence of Prolactine on a-LA and Casein Synthesis in Explant
Cultures from Virgin and 14 Day Pregnant Gland
The first phase of lactogenesis , i.e., initial burst of synthesis of

milk proteins during first few days of gestation, may be due to the increase
in the prolactine levels and low levels of progesterone during this period
affecting the rate of sjrnthesis of a-LA and 42K casein proteins without
significantly changing the levels of their mRNAs. Thus, the effect of
prolactine on the synthesis of a-LA, 40K, 29K and 25K caseins was studied
in virgin and 14 day pregnant rat mammary gland explant cultures. „^At the
end of the hormonal treatment, the explants were labeled with S

methionine for 11/2 hrs. The synthesized proteins were analyzed for
a-LA and casein proteins. The results show: 1) Prolactine in the presence
of insulin and hydrocortisone increases the rate of total protein
biosynthesis about one and a half fold in virgin and 3 fold in 14 day
pregnant mammary gland. The increase in the rate of a-LA synthesis is
however 5-fold in virgin and 5-7 fold in 14 day pregnant gland. 2) In the
presence of prolactine virgin gland synthesizes mainly 40K casein and
little detectable 25K casein. Fourteen day pregnant gland synthesizes all
three caseins out of which 25K casein is the major species. 3)

Prolactine treatment in 14 days pregnant gland increased a-LA mRNA levels
4 to 5 fold over untreated gland. The same treatment of virgin gland,
however, did not show significant increase in a-LA mRNA levels.

These results show that the gland at different stages of development
responds differently to prolactine.
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Indentification of a-LA mRNA Precursor
a-LA mRNA and 16S casein mRNA sequences were measured in the RNA from

the gland at various stages of gestation and lactation using cDNA probes
made against the mRNA isolated from 4-5 day lactating gland. The extent of
hybridization with these probes was maximum with the RNA samples from the
gland at all ages except for the RNA samples from the first and second day
gestating and the 14th and I6th day lactating glands. The lesser extent
of hybridization from these samples suggests that some of the sequences
might be absent from these RNA samples which are present in the 4 to 5

day lactating mRNA from which the probes were synthesized. The absence of
sequences may reflect the differences in the processing of a-LA mRNA and
16S casein mRNA precursors during these periods of gestation and lactation.

To identify a-LA mRNA sequences, poly (A )RNA from lactating rat mammary
gland was fractionated; a) on exponential sucrose gradients; b) on sucrose
gradients containing 85% formamide as a denaturing agent and c) electro-
phoresed in 2% agarose gels containing 10 mM methyl mercury hydroxide.
a-LA mRNA sequences were examined by annealing the RNA to specific
a-LA[P ]cDNA. Sucrose gradient and agarose gel analysis both revealed
1.9KB, 1.5KB and 1.3KB RNA molecules which contain a-LA mRNA sequences.
These results are consistent with the presence of high molecular weight
precursor for a-LA mRNA in 4 day lactating rat mammary gland RNA.

Significance to Cancer Research and the Program of the Institute :

Knowledge on the synthesis and processing of a-LA and casein mRNA at the
different stages of development of the mammary gland will help us in
understanding the role of differentiated function in normal and
neoplastic tissue.

Proposed Course of Research :

With the cloned a-LA and casein cDNA sequences the synthesis and
turnover of the a-LA and casein mRNAs at different stages of development
and the influence of hormones on these processes will be studied.

Publications:

1. Qasba, P.K. and Nakhasi, H.L. : Abundance of a-LA mRNA in 4 day
lactating rat mammary gland. Purification of rat a-LA mRNA.
Proc. Nat. Acad. Sci. 75:4739-4743, 1978.

2. Nakhasi, H.L. and Qasba, P.K.: Quantitation of milk proteins and their
mRNAs in rat mammary gland at various stages of gestation and
lactation. J. Biol. Chem. (In press)

.
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SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of the project is to construct and analyze bacterial plasmids
that contain a-LA and casein DNA sequences derived from a-LA and casein mRNA
and from lactating rat mammary gland DNA.
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Project Description:

Objectives :

1. To clone rat a-LA and casein cDNA sequences inserted in plasmid PBR322
in Ej_ coli .

2. To study the a-LA and casein gene crgani.^ation in genomic DNA from
rat mammary gland, rat mammary tumors, rat embryonic cell and other organs.
3. Cloned a-LA and casein cDNA sequences and structural sequences will be
used for the studies on the synthesis and turnover of the mRNA sequences
in normal and neoplastic mammary tissue.

Methods Employed ;

1. Synthesis of cDNA (see Project No. ZOl CB 08219-03) and ds DNA.
2. Insertion of ds DNA or DNA/RNA hybrid in the ampicilin site of PBR322.
3. Transfection of E. coli LB392 with hybrid DNA and selecting the clones
which are tetracycline resistant and ampiciline sensitive.
4. Identification of the clones carrying a-LA and casein cDNA sequence
will be done by: (a) picking up the clones which show immunlogical reactivity
with a-LA and casein antiserum; (b) hybrid arrest experiments which involve
the inhibition of a-LA synthesis in a mRNA dependent in vitro protein
biosynthesis; (c) direct sequencing of a-LA cDNA sequence of the clone and
compare with the rat a-LA protein sequence.
5. Digestion of genomic DNA with restriction enzymes and hybridization
of the restricted DNA after (a) electrophoresis in agarose gels and

(b) transfer to nitrocellulose papers or to other suitable papers.

Major Findings :

The project was started in March 1979. Since this time bacterial clones
carrying PBR322 plasmids which have inserts of foreign DNA sequences have
been picked up by above selection technique. The clones are now being
characterized

.

Significance to Cancer Research and the Program of the Institute :

Cloning of milk genes and elucidating its organization in normal and

neoplastic tissues will help in understanding the changes, if any^

caused during neoplastic transformation in the part of the genome which
codes for the expression of the differentiated function in these cells.

Proposed Course of Research ; See the Objectives.

Publications

:

None
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SUMMARY OF WORK (200 words or less - underline keywords)
A correlation was found between the antagonistic effects of cAMP and estrogen

on nuclear protein phosphorylation in vitro and the hormone-dependency of

mammary tumor growth in vivo . The antagonistic action between cAMP and

estrogen was further revealed on the phosphorylation of the 56 ,000-d-alton

cAMP binding protein in the cytoplasm of hormone-dependent tumors, suggesting

a close relation between the phosphorylation of cAMP binding protein and

phosphorylation of nuclear proteins. These results provide further support to

our initial proposal that the growth control of hormone-dependent mammary

tumors is dependent on the interaction of cAMP and estrogen .
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Project Description:

Methods Employed :

i. Tumors: Primary 7 ,12-dimethylbenz (a) anthracene (DMBA) -induced and
N-nitrosomehtylurea (NMU) -induced mammary carcinomas, and transplantable
DMBA #1, MT13762, MTW9 and MTW9A mammary carcinomas were used. Regression
was obtained by either bilateral ovariectomy or dibutyryl cyclic AMP

(DBcAMP) treatment of host animals.

ii. Estrogen binding assay: dextran coated charcoal method.

iii. cAMP-binding assay: the competition assay of Oilman was performed
at 23° for 3 hr.

iv. Protein kinase.assay: the activity was determined by measurement

of the incorporation of P from y-labeled ATP into histone ± cAMP.

V. Endogenous phosphorylation: protein kinase dependent endogenous
phosphorylation was determined by the incorporation of P from y-labeled
ATP into endogenous substrates.

vi. Cell fractionation, disc and slab gel electrophoresis followed

standard techniques.

Major Findings :

I. Correlation Between cAMP and Estrogen Interaction on Nuclear Protein

Phosphorylation with Tumor Response to Ovariectomy

A change in protein kinase-dependent phosphate incorporation in

isolated nuclei of DMBA tumors was observed previously following either

ovariectomy or DBcAMP treatment. It was found that a low molecular weight

basic protein species, GAP (growth associated protein), 12,000 daltons,

was the major endogenous substrate for nuclei-associated protein kinase in

growing tumors, whereas in nuclei of regressing tumors, the phosphorylation

of GAP decreased and new phosphorylation of a higher molecular weight

basic protein species, RAP (regression-associated protein, 76 ,000-daltons)

appeared. Moreover, phosphorylation of RAP occurred in vitro , following

incubation of tumor slices with cAMP, and this cAMP effect was abolished

by the simultaneous addition of estradiol in the incubation medium.

This antagonism between cAMP and estrogen on nuclear protein

phosphorylation was examined in relation to the growth response of various

mammary tumors to host ovariectomy. Tumor slices from biopsy specimens

obtained before ovariectomy were preincubated with cAMP in the absence and

presence of 17B-estradiol or in the absence of both cAMP.and estradiol

(control), nuclei were then isolated, incubated with [y- P]ATP, and

phosphorylation of GAP and RAP was measured. When the ratios of RAP: GAP

from the samples preincubated with cAMP alone were compared with the
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ratios from either control samples or samples preincubated with cAMP +
estradiol, two distinct tumor types were observed.

All of the tumors of one type that showed an increased phosphorylation
ratio of RAP: GAP when incubated with cAMP alone but showed a decreased
ratio when incubated with cAMP + estradiol, regressed following
ovariectomy (hormone-dependent) . These hormone-dependent tumors which
respond to host ovariectomy in vivo , also respond to both cAMP and estrogen
stimulation in vitro .

The other type of tumors that showed either no appreciable change or
a decrease in the phosphorylation ratio of RAP: GAP when incubated with
either cAMP alone or cAMP + estradiol, grew following ovariectomy
(hormone-independent) . These hormone-independent tumors that fail to
respond to host ovariectomy, do not respond to either cAMP or estradiol
in vitro . Some of these tumors, which did respond to cAMP but not to
estradiol, probably represent cAMP-responsive but hormone-independent
tumors like DBcAMP-responsive W256.

For 72 mammary tumors there was a striking parallel between the
antagonistic action of cAMP and estrogen on nuclear protein phosphorylation
in vitro and the hormone-dependency of tumor growth in vivo .

II. Effect of cAMP and Estrogen Stimulation in vitro on cAMP-binding
Protein Present in the Cytoplasms of Hormone-dependent and -independent
Mammary Tumors

Slices from growing DMBA-induced tumors (hormone-dependent) were
preincubated with cAMP in the absence and„Rresence of estrogen, then
isolated cytosols were incubated with [y- P]ATP, and the endogenous
phosphorylation was measured. A 56,0Q0-dalton molecular species that
exhibits the peak radioactivity increased markedly when tumor slices were
preincubated with 10 M cAMPwith benzamidine at 30°, whereas this effect
of cAMP was abolished when 10 M 176-estradiol was added with cAMP to the
incubation medium. The cytosol from control tumor slices also exhibited
the peak radioactivity that coincided with that of the 56,000-dalton protein
but this peak was only 30% as high as that of the cAMP stimulated peak.

The phosphorylation patterns of cytosols from a hormone-independent
tumor, DMBA #1, differed markedly from that of DMBA tumors. No
radioactivity peak that coincided with the 56,000-dalton protein was seen,
and the peak radioactivities corresponded to a more heavier molecular
species, and were not affected by either cAMP or estrogen preincubation.

The increased phosphorylation of the 56,000-dalton protein in

hormone-dependent tumors following cAMP stimulation was attributed to the
increase of cAMP-binding protein, the regulatory subunit of protein kinase
type II,„^s identified by the incorporation of the photoaf finity label,
8-azido[ ~P]cAMP.
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The lack of phosphorylation of the 56, 000-dalton protein in the
hormone-independent tumor, DMBA #1 was not due to the absence of the
cAMP-binding protein. A large amount of 56, 000-dalton cAMP binding protein
was detected in the cytosol of DMBA #1 tumors by the incorporation of
8-azido [ P]cAMP. Thus DMBA #1 contained the 56, 000-dalton protein which
shows cAMP-binding but fails to exhibit the endogenous phosphorylation
(autophosphorylation) . The lack of autophosphorylation of the 56, 000-
dalton cAMP binding protein was also observed in other hormone-independent
tumors, such as MT13762, and autonomously growing DMBA ('^-12% DMBA tumors,
which continue to grow after ovariectomy or DBcAMP treatment).

These results indicated that only in hormone-dependent but not in
hormone-independent mammary tumors the phosphorylation of 56 , 000-dalton
cAMP-binding protein in the cytoplasm is stimulated by cAMP and inhibited
by estrogen In vitro .

III. Estrogen- and cAMP-binding Capacities and Tumor Response to Ovariectomy

Earlier results indicated that the antagonism between cAMP and estrogen
in growth control of hormone-dependent tumors may be related to the relative
amount of estrogen receptor and cAMP binding protein present in tumors.

Estrogen- and cAMP-binding activities were measured in the biopsy
specimens of carcinogen-induced or transplanted rat mammary carcinomas, and
the tumor responses to host ovariectomy were followed. The results showed
that all of the tumors with high estrogen-binding and low cAMP-binding
activities regressed following ovariectomy, whereas tumors with low
estrogen-binding and high cAMP-binding activities grew following
ovariectomy. Tumors with a high or low binding capacity for both estrogen
and cAMP also grew after ovariectomy. Thus, the binding capacities of

estrogen and cAMP are closely related to the response of tumors to

ovariectomy.

Significance to Cancer Research and the Program of the Institute ;

(NCP objective #6, Approach #3)

These studies contribute to the understanding of the mechanism of

hormone-dependent growth. The results suggest that the prediction of

hormone-dependency can be made more accurately by the methods presented
which measure the interaction of estrogen and cAMP, the essential
regulatory circuit for hormone-dependent growth. The possibilities of

clinical application of these findings are good.

Proposed Course of Research :

i. Assess the interrelationship between cAMP and estrogen receptor
complex in the nuclear binding in a cell-free system.

ii. Assess the nuclear acceptor sites for cAMP- and estrogen-binding
proteins.
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iii. Assess whether modification of chromatin proteins or DNA would
influence the nuclear binding of cAMP- and estrogen-binding proteins.

iv. Assess whether RNA or protein synthesis is interrelated with the
nuclear binding of estrogen and cAMP in cell-free system.

Publications:

1. Cho-Chung, Y.S., Bodwin, J.S. and Clair, T. : Cyclic AMP-binding
proteins: Inverse relationship with estrogen-receptors in hormone-
dependent mammary tumor regression. Eur. J. Biochem . 86: 51-60, 1978.

2. Cho-Chung, Y.S.: Interaction of cyclic AMP and estrogen in tumor
growth control. In Sharma, R.K. and Criss, W.E. (Eds.): Endocrine
Control in Neoplasia . New York, Raven Press, 1978, pp. 335-346.

3. Cho-Chung, Y.S. and Doud, F.J. : Antagonistic action between cyclic AMP
and estrogen in phosphorylation of mammary tumor nuclear proteins.
Cancer Lett. 5: 219-224, 1978.

4. Cho-Chung, Y.S., Redler, B.H. and Lewallen, R.P. : Nuclear protein
phosphorylation and hormone-dependent mammary tumor regression following
dibutyryl cyclic adenosine 3' ,5' -monophosphate treatment or
ovariectomy. Cancer Res. 38: 3405-3409, 1978.

5. Bodwin, J.S., Clair, T. and Cho-Chung, Y.S.: Inverse relation between
estrogen receptors and cyclic adenosine 3' ,5 '-monophosphate-binding
proteins in hormone-dependent mammary tumor regression due to

dibutyryl cyclic adenosine 3' ,5' -monophosphate treatment or
ovariectomy. Cancer Res. 38: 3410-3413, 1978.

6. Cho-Chung, Y.S.: Antagonistic action between cyclic adenosine 3',5'-

monophosphate and estrogen in rat mammary tumor growth control.
Cancer Res. 38: 4071-4075, 1978.
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Project Description:

Objectives :

1) To characterize and quantitate estrogen binding components in cytosol and
nucleus of ovarian dependent and independent tumors. 2) To study the biological
significance of estrogen receptor binding and how estrogen binding relates to
other hormone receptors during growth and regression of hormone dependent and
independent rat mammary tumors. 3) To study in vivo and in vitro the specific
relationship of the estrogen receptor and cyclic AMP binding protein during
the growth and regression of mammary tumors. 4) To study how hormonally
manipulated tumor regression involves the estrogen receptors and cAMP binding
protein and differs from non-hormonally induced regression.

Methods Employed :

1) 7,12 DMBA, NMU, MTW9 , DMBA //I, MT13762 were used as experimental animal
models of hormone-dependent and-independent mammary tumors.
2) _In vivo and _in vitro 17B-e3tradial and cAMP radionuclide assays were
employed.

3) Differential centrifugation and sucrose density gradients were used to
purify and characterize hormone binding to subcellular components.
4) Cell free systems involving recombination of cytosol and nuclei were used
to study nuclear uptake of estrogen and cAMP.

Major Findings :

1. An inverse relationship between estrogen receptor and cAMP binding protein
exists during the regression process induced by either ovariectomy or DBcAMP
treatment of host animals. During regression by either treatment estrogen
receptor decreases in the cytosol and nucleus, while cAMP binding activity,
cAMP content and cyclic AMP dependent histone kinase activity cell increased.
2. A similar inverse relationship between estrogen receptor and cAMP binding
protein was found during regression induced by the anti-estrogen tamoxifen
or by pharmacological doses of 176-estradiol.
3. The ratio of estrogen receptor (ER) to cyclic AMP-binding protein (CR) in
the cytosol is an accurate predictor of hormone dependency. 95% of hormone
dependent tumors had ER/CR ratios of 35x10 or greater, while 95% hormone
independent tumors had ER/CR ratios of less than 35x10
4. The antagonism between ER and CR can be demonstrated in vitro by demon-
strating the CR bound with cAMP will inhibit nuclear uptake of ER, in
a cell free system.

Significance to Cancer Research and the Program of the Institute :

(NCP Objective #6, Approach #3)
By understanding the functional role of the estrogen receptor and cyclic AMP
binding protein and their relationship during the growth and regression pro-
cess of mammary tumors, the biochemistry of the cancer cell can be better
understood, and clinical application to the treatment of breast cancer pro-
posed.

Proposed Course of Research :

1) To investigate nuclear translocation of estrogen receptor and cyclic AMP
binding protein, and the chain of biochemical events subsequent to nuclear
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binding such as transcriptional and translational events with protein
synthesis.

2) To study how the antagonism of ER and CR in the cytosol of the cell
influences nucleas translocation, and phosphorylation of hormone receptors,
and nuclear proteins.

Publications:

1. Cho-Chung, Y.S., Bodwin, J.S., Clair, T. : Cyclic AMP Binding Proteins:
Role in Ovariectomy Induced Regression of a Hormone Dependent Mammary
Tumor. J. Natl. Cancer Inst. 60: 1175-1178, 1978.

2. Cho-Chung, Y.S., Bodwin, J.S., Clair, T. : Cyclic AMP Binding Proteins:
Inverse Relationship with Estrogen Receptors in Hormone Dependent Mammary
Tumor Regression. Eur. J. Biochem. 86: 51-60, 1978.

3. Bodwin, J. S., and Cho-Chung, Y.S.: Dibutyryl Cyclic AMP Mimics The

Effect of Ovariectomy on a Dehydrogenase in Hormone Dependent Mammary
Tumors. Eur. J. Cancer 15: 443-449, 1979.

4. Bodwin, J.S., Clair, T. and Cho-Chung, Y.S.: Inverse Relation Between
Estrogen Receptors and Cyclic AMP Binding Protein in Hormone-Dependent
Mammary Tumor Regression due to DBcAMP Treatment or Ovariectomy.
Cancer Res. 38: 3410-3413, 1978.
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Project Description:

Methods : Tissue (lactating rat mammary gland, DMBA and NMU mammary
carcinomas) and membrane preparations (milk fat globule membrane - MFGM) are
fixed in glutaraldehyde, impregnated with glycerol, and rapidly frozen in

the liquid phase of partially solidified Freon 22 at liquid nitrogen tempera-
ture. Specimens were fractured and platinum-carbon replicated in a

Balzers freeze-etch device or prepared for conventional thin sectioning. All
specimens were observed by TEM in a JEOL lOOC EM.

Major Findings : The freeze-fracture morphology of the endoplasmic reti-
culum and Golgi apparatus membranes was analyzed in lactating rat mammary
glands and in mammary carcinomas induced by 7 ,12-dimentylbenzanthracene or

N-nitrosomethylurea. Membranes in close proximity with fat droplets present
a spectrum of transformations, from the normal, wavy, particle-rich
appearance of cytoplasmic membranes to rigid, particle-free bilayers. The
following sequence of events is proposed for the biogenesis of fat droplets:

(1) formation of particle-free areas in the endoplasmic reticulum and

Golgi membranes; (2) apposition of the bilayered lipid membranes to the

growing fat droplet; and (3) progressive conversion of the membrane lipids

(or amphypathic lipid precursors) into triglycerides at the periphery of the

fat droplet. Our results suggest that membranes are not only involved in

the synthesis and secretion processes , but that some of their components

are incorporated in the fat droplets and contribute to the secretory

product itself.

The membrane envelope of the milk fat globule (MFGM) was observed by

freeze-fracture after secretion, in milk and cream and during isolation
procedures. In fat globules this membrane reveals aspects of particle

distribution which reflect, in part, the regional segregation of integral

membrane components at the apical plasmalemma of lactating cells. Tearing,

folding and sealing of membrane fragments were observed during isolation

procedures: sharp membrane folding occurs at particle-rich areas; sealing

of membrane fragments was observed between particle-rich membrane edges

in a zipper-like fashion. MFGM preparations contain small vesicles and

discoidal cisternae. Particles- were observed in the vesicles and at the

rim of the cisternae. Fusion between the inner half of the MFGM and the

interfacial layer of the fat globules is postulated to interpret the

freeze-fracture appearance of fat globules. Our observations suggest limits

to the use of MFGM preparations as the structural equivalent of the

acinar plasma membrane of mammary epithelial cells, but support this

system as a model to study membrane structure and dynamics. (Pinto da Silva,

P., Peixoto de Menezes, A. and Mather, I. Structure and dynamics of the

bovine milk fat globule membrane viewed by freeze-fracture. Exp. Cell Res.,

submitted for publication)

.

Significance to Research and the Program of the Institute : There is

considerable evidence of the interrelationships between the secretory

process and the malignant transformations of the mammary epithelial cells.
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All these events are related with development of a system of cell membranes;
the membrane envelope of the milk fat globules carries antigens common to

the cell membrane of mammary carcinoma cells; there are common hormonal
stimuli involved in the lactogenesis and in the malignant transformation.
Cell membranes are also involved in other events related with tumor
invasiveness and metastization. Milk fat globule membrane vesicles may be
used as a natural liposome system to carry drugs to specific organs.

Proposed Course of Research : With Dr. Ian Mather we will attempt to
use ferritin conjugates of antibodies to specific milk fat globule membrane
proteins to locate antigens on the acinar and, possibly, lateral surfaces
of mammary epithelial cells.

Publications

:

1. Peixoto de Menezes, A. and Pinto da Silva, P. Fat droplet formation
in rat lactating mammary gland and mammary carcinomas viewed by
freeze-fracture. Lab Investigation 40: 545-553, 1979.
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The purpose of this project is to understand the role of thyroid hormone-prolactij

interactions in the normal growth and differentiation of the mammary gland and

the development of mammary tumors . Studies include: 1) examination of develop-

ment and growth of "spontaneous" mammary tumors in primiparous mice in various

thyroid states; 2) evaluation of the role of thyroid hormones in induction of

mammary carcinomas in rat by N-nitrosomethylurea; 3) examination of the

regulation of prolactin receptors in mammary tissue by thyroid hormones in vivo

and _in vitro ; 4) determination of the effects of altered membrane lipid

composition on prolactin binding; 5) characterization of thyroid hormone binding

to mammary tissue using biologically active fluorescent thyroid hormone

derivatives.
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Project Description:

Objectives : The purpose of these studies was to determine the effect of

alterations of thyroid status on mammary tumor development. Induction and
growth of "spontaneous" mammary carcinomas in the mouse and carcinogen-induced
tumors in the rat were to be followed. Furthermore, the mechanism by which
thyroid hormones control growth and differentiation in normal mammary tissue
was to be examined. This work was to include studies on the control of pro-
lactin receptors in mammary tissue by thyroid hormones both in vivo and in
vitro . The effects of alterations in the lipid environment of the membranes
containing prolactin receptors was to be investigated. Binding of thyroid
hormones to mammary epithelial cells was to be examined using flourescent
thyroid hormone derivatives.

Methods Employed : All mice were of the C3H/HeN strain and carried both
MMTV-S (Bittner milk virus) and MMTV-L (nodule-inducing virus) . Alterations
in thyroid status were accomplished by adding 0.1% thiouracil (hypothyroid) or
2 ]jg thyroxine per ml to the drinking water. For chemical carcinogen studies,
Sprague-Dawley rats were used. Rats were either euthyroid (normal drinking
water), mildly hypothyroid (0.02% thiouracil in drinking water) or severely
hypothyroid (0.05% thiouracil in drinking water). Mammary gland morphology
was examined by hematoxalin staining of whole mounted glands. Organ culture
was performed using chemically defined serum-free medium supplemented with
various hormones and metabolic inhibitors. Lactose synthetase activity (a

measure of a-lactalbumin levels) was assayed by the production of C-lactose
from glucose and UDP- C-galactose. Specific prolactin binding to membrane
bound receptors was studied by standard techniques. Liposomes were prepared
with varying lipid compositions using either detergent-dialysis or ultra-
sonication techniques. Rhodamine-labelled L-T and fluorescein-labelled L-T4
were synthesized and their binding to mammary cells and nuclei determined by
standard competition binding techniques.

Major Findings : Previous studies in the laboratory had demonstrated
that lobulo-alveolar development of mouse mammary glands is affected by the
thyroid status of the animal. Mild hypothyroidism resulted in retarded develop-
ment of the gland, while hyperthyroidism accelerated development. Because
of these pronounced effects of thyroid status on development of the virgin
gland, development of "spontaneous" mammary tumors in primiparous mice in
various thyroid states was examined. The primiparous post-lactational mouse
was chosen for this study in order to minimize the effects of thyroid manipu-
lations on the morphology of the gland. After parturition and lactation re-
sulting from the first pregnancy, the pups were removed and the dams were
randomly placed in one of three groups. The groups of animals received
drinking water containing either no additions (euthyroid) , 2 yg L-T, per ml
(hyperthyroid) or 0.1% thiouracil (TU) (hypothyroid). Ten weeks after removing
the pups, the average weights of the hyper- and hypothyroid animals were
significantly different from that of the euthyroid mice, but not from each
other. The hyperthyroid animals had a 2.33 fold and a 1.58 fold increase in
serum T^ and T respectively compared to euthyroid controls. The animals
receiving TU showed a 47% and 58% decrease in T, and T^ respectjlively. The
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seriim prolactin levels in all three groups were not significantly different.

After 12 weeks of involution, the number of hyperplastic alveolar nodules,

(HAN) in the 3 groups were significantly different. The hyperthyroid group

had an average of 22 HAN per animal, while the euthyroid animals had 15 and

the hypothyroid 7. One year after removal of the pups, over 96% of the hyper-

thyroid and euthyroid animals had developed mammary tumors. The hypothyroid

group had only a 72% tumor incidence. The mean latent days for the hyper-

thyroid and euthyroid groups were 237 and 242 days respectively, while 50%

tumor incidence was not reached until 290 days in the hypothyroid group.

Histological examination of the tumors showed no difference in the types

produced in all three groups. In all three groups tumors were found which

grew extremely rapidly, killing the animal within 7 to 10 days, as well as

tumors which did not grow significantly during the 4 weeks they were measured.

Only 1 or 2 tumors developed per animal with 60-65% occuring in the thoracic

glands of the hyper- and euthyroid animals. The hypothyroid groups had only

42% of their tumors at these sites. While the glands of all three groups

were morphologically indistinguishable from each other 10 weeks after the on-

set of involution, after 30 weeks differences were seen. While glands from

hyperthyroid and euthyroid animals retained a high degree of ductal branching
with primitive alveoli, the glands from hypothyroid animals showed less ductal
branching and were devoid of alveoli.

These data suggest that the decrease in mammary tumor incidence in hypo-

thyroid primiparous animals may be due to a greater degree of regression of

the mammary epithelium in these animals

.

In order to evaluate the role of thyroid hormones in the induction of

mammary tumors in rats by N-nitrosomethylurea (NMU) , the impact of altered
thyroid status on normal development of the gland was first assessed. Rats

were made either severely or mildly hypothyroid by placing them on drinking
water containing either 0.05% or 0.02% TU respectively since 10-12 days in

utero . The former group demonstrated a significant reduction in weight gain

while the latter group gained weight at a rate comparable to the euthyroid
controls. Examination of the mammary glands of these animals throughout the

course of the experiment using the whole mount technique showed a significant
reduction in growth and development of mammary glands in severely hypothyroid
animals resulting in ducts with little branching and few alveoli. The mildly
hypothyroid group consistently showed a retardation in development compared to

euthyroid controls, but ultimately developed many branched ducts with alveoli.

The severely hypothyroid group showed a 62% and 84% reduction in serum T. and

T, levels respectively with a 40% increase in serum prolactin levels compared
to euthyroid controls. The mildly hypothyroid animals had a 28% and 45%

reduction in T_ and T, respectively with no alteration in prolactin levels.

The severely hypothyroid group showed a 67% tumor incidence while the mildly
hypothyroid and euthyroid groups had 97-100% tumor incidence 120 days after

the first NMU injection. 50% tumor incidence in all three groups was achieved
at 74-80 days of treatment.

These data suggest that as with "spontaneous" tumors in mice the carcinogen
induced tiimors in rats are affected by thyroid status. This effect which is
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probably related to the degree of maturation of the mammary epethelium is only
seen with a more severe hypothyroidism in rats.

When explants from adult virgin mice are cultured in serum-free medium
containing insulin (I) ,_hydrocortisone (F) , and prolactin (PRL) in the absence
or presence of L-T3 (10 M) , lactose synthetase activity in tissues from
hyperthyroid animals is induced at PRL concentrations as low as 0.01 yg per
ml. Euthyroid tissue requires at least 0.05 vg per ml while induced lactose
synthetase activity is not observed in hypothyroid tissue until PRL concentra-
tions are at least 0,1 yg per ml, with consistent results being obtained at
0.5 yg per ml. In the presence of 10~^M L-T-, all tissues respond to PRL
concentrations as low as 0.01 yg per ml.

The membranes from these mammary glands were examined for PRL binding
activity. Membranes from mammary glands of mildly hypothyroid mice show a
70-85% reduction in PRL binding compared to tissue from euthyroid controls.
The livers of these hypothyroid animals showed only a 20% reduction in binding.
Mammary membranes from hyperthyroid mice bound 66% more PRL while livers from
these animals showed only a 24% increase compared to similar preparations
from euthyroid animals. These results are not solely due to differences in
epithelial cell contents as hypothyroid primiparous mice, containing similar
amounts of epithelium compared to euthyroid controls, showed a 70% reduction
in PRL binding. No PRL binding was seen in membranes prepared from cleared
mammary fat pads free of epithelium. Binding of PRL to mammary membranes was
enhanced when explants from mid-pregnant mice were cultured overnight in the
presence of I, F and 10 M L-T_. This enhancement was not blocked by puromycin
under conditions where lactose synthetase activity and general protein simthe-
sis were inhibited by over 95%.

The binding of PRL to membrane receptors prepared from euthyroid lactating
mouse mammary glands was modified by direct addition of L-T_ to the reaction
mixture. Scatchard analysis showed apparent K s of 0.3 x lO^"-'- in the
absence and 1.0 x lO^M"-*- in the presence of physiological levels of L-T_
(5x10 M) . Neither L-T, nor D-T_ gave this effect. Lactogenic receptors in
mouse liver did not demonstrate this sensitivity to L-T in vitro .

From these data we concluded that PRL receptors in mammary gland are more
sensitive to regulation by thyroid hormones than those in liver. This regula-
tion in mammary tissue may be accomplished, at least in part by activation of
pre-existing receptor molecules.

The effect of alterations in membrane lipid composition on lactogenic
receptor activity was prompted by the known effects of thyroid hormones on
lipolysis in several systems. S-adenosyl-L-methionine (SAM) was added directly
to membranes prepared from mammary glands of lactating mice to methylate
phospholipids using endogenous membrane bound methyl transferases. This reaction
resulted in an increase in lactogenic receptor activity from 30% to 3-fold
depending on the membrane preparation. The stimulation is dose-dependent and
specific for SAM. It is partially inhibited by simultaneous addition of equi-
molar amounts of S-adenosyl-homocysteine to the reaction. Neither 5 '-AMP nor

296



Project No. ZOl CB 08226-03 LPP

L-methionine had any effect on lactogenic receptors. Scatchard analysis showed

that treatment with SAM results in an increase in the number of lactogenic

binding sites without changing the apparent affinity constant. In the absence

of SAM 20.5 fmoles of lactogen were bound per mg protein with a K of

0.44 X 109m~-^. In the presence of SAM 62 fmoles were bound per mg protein

with a K of 0.33 X 10%-1. Using ^H-methyl-SAM, incorporation of -^H-methyl

groups into membrane phospholipids resulted in over 60% of the label in phos-

phatidyl choline. At no time was significant radioactivity found in the pro-

tein fraction.

Further studies on the role of lipids in lactogenic receptor activity

involved reconstitution of solubilized PRL receptors into artificial phospho-

lipid vesicles or liposomes. Vesicles of varying lipid composition were

prepared by detergent-dialysis and ultrasonication techinques . Vesicles were

purified by centrifugation over a 30% sucrose cushion. PRL binding activity

is maximal in phosphatidylcholine (PC) vesicles when reconstitution is perform-

ed at a Lipid to protein ratio of 5:1. These condition result in a final

vesicle compositon of 1:1 lipid to protein. PRL binding to receptors incor-

porated into the liposomes was assessed and the affinity constant was found

to remain unchanged (K '^- lO^M"!) under a variety of lipid compositions or when

vesicles were preparedly either technique. Both the reconstitute^^'^esicles

and the native membranes showed maximum PRL binding activity at Mg concen-

trations from 80 to 100 mM. The extent of PRL binding varied with different

lipid compositions. The addition of phosphatidylserine (PS) to PC vesicles

containing PRL receptors resulted in an 85% decrease in binding activity

whereas phosphatidylethanolamine (PEA) did not have an appreciable effect.

Neither PC nor PEA alone were able to support binding activity to a significant

extent. Decreasing membrane fluidity (as measured by fluorescent polarisation)

by the addition of cholesterol to PC vesicles increases binding activity. In-

corporation of unsaturated fatty acids into PC vesicles results in loss of

lactogenic binding activity while the presence of saturated fatty acids has no

effect, or increases binding activity. None of these effects of varied lipid

composition on PRL binding are the result solely of changes in the extent of

incorporation of receptor melecules into the vesicles. PC, PC + PS and PC +
PEA vesicles all showed similar levels of lactogenic binding activity when the

receptors were resolubilized from the liposomes.

These results all suggest that PRL binding activity can be regulated by

alterations in the phospholipid composition of the membrane in which the

receptors are located and the resulting changes in membrane fluidity.

For investigations into thyroid hormone binding to mammary cells, fluores-

cent rhodamine-labelled-L-T„ and fluorescein-labelled-L-T, were synthesized.

Using the mammary explant system, these compounds demonstrated 69% and 76%

respectively of the biological activity of the native hormones in inducing

lactose synthetase activity in mid-pregnant mouse mammary tissue. They have
been shown to compete specifically with 125i_l_x for binding to nuclear
thyroid hormone receptors from both mid-pregnant mammary epithelium and human
breast cancer cell line MCF-7.
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Significance to Cancer Research : There are several reports in the liter-
ature that altered thyroid status may be implicated in changes in risk of

human breast cancer. It is not clear from these studies whether the effects
of thyroid hormones are primary (i.e.: directly on the mammary gland) or

secondary (i.e.: through alterations in other hormones). Therefore, all

aspects of thyroid hormone control of growth and differentiation of the normal
gland as well as development of mammary tumors must be understood. Because
of the confusion in the literature, several model systems should be explored.
Because of the possible interplay of thyroid hormones with PRL in the growth
of mammary glands and tumors, the regulation of PRL action through its recep-
tors must be understood. In humans, an early age of first pregnancy decreases
risk of subsequent breast cancer. Therefore, the effects of thyroid status
on mammary tumor development in both virgin and primiparous mice must be
explored.

Proposed Course of Research : We will continue to study the effects of

thyroid status on mammary tumor development. To this end we will examine
MMTV production in primiparous and virgin mice in various thyroid states. We
will examine the effects of thyroid hormones on production and/or regression
of HAN. We will expand this work to include studies on the human breast cancer
line MCF-7 both in vivo and in vitro (in collaboration with Dr. S. Shaf ie)

.

Membrane bound and nuclear T_ receptors in normal mammary glands, mammary
tumors and MCF-7 cells under various thyroid conditions will be examined.
The role of T in membrane phospholipid methylation and activation of lipases
will be examined. Studies will be conducted to understand the control of
synthesis and activity of lactogenic receptors by T„ and lipids. To this end,
monoclonal antibodies against the prolactin receptor in mouse mammary tissue
will be developed using hybridomas. Collaboration will continue with Dr.
Gilbert H. Smith on the localization of milk-proteins in mammary cells from
virgin and primiparous mice and with Dr. Richard A. Knazek on the role of
essential fatty acids in morphological development of the mammary gland.

Publications

:

1. Vonderhaar, B.K. and Greco, A.E.: Lobulo-alveolar development of mouse
mammary glands is regulated by thyroid hormones. Endocrinology 104 : 409-
418, 1979.

2. Vonderhaar, B.K.: Lactose synthetase activity in mouse mammary glands is
controlled by thyroid hormones. J. Cell Biol, in press 1979.

3. Bhattacharya, A. and Vonderhaar, B.K.: Thyroid hormone regulation of
prolactin binding to mouse mammary glands. Biochem. Biophys. Res . Commun.
in press 1979.

4. Bhattacharya, A. and Vonderhaar, B.K.: Phospholipid methylation
stimulates lactogenic binding in mouse mammary gland membranes. Proc.
Natl. Acad. Sci. USA , in press 1979,
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Project Description:

Objectives : Malignant cells undergo continuous uncontrolled cell division.
DNA, mRNA and protein synthesis are prerequisite for this process to continue.
Because of the complexity of eukaryotic DNA it is necessary to have specific
biochemical markers to study the regulation (s) of these processes necessary
for cell division. Regulation of mRNAalb. has been elected as a specific
marker for this purpose. The objective of this work is to isolate mRNAalb.
or its complementary DNA (cDNA) to probe the involvement of mRNAalb. in normal,
precancerous and cancerous liver tissues.

Methods Employed: 1) Isolation of mRNA by affinity chromatography of

total RNA. 2) Translation of mRNA in a wheat germ cell free system and idenfi-
cation of synthesized albumin by a double antibody immunoprecipitation method.
3)Treatment of the animals with a liver carcinogen - thioacetamide (TAA) to

cause an increased synthesis of albumin mRNA. 4) Partial purification of
mRNAalb. by size fractionation. 5) Synthesis of cDNA using partially pure
mRNAalb. template.

Major Findings: The cDNA to partially purified albumin mRNA was synthe-
sized with reverse transcriptase and the albumin cDNA was purified by selective
hybridization with mRNA at low C^t values. Using the latter cDNA, the levels
of albumin mRNA in the livers of control rats and of rats treated with thio-
acetanmide were measured. Although the results indicated an increase in
amount of mRNA at 4 days, the amount was much lower than the 5-6 fold increase
indicated by the translation assays made previously with the wheat germ system.
Therefore the increased translational activity of RNA from livers after thio-
acetamide treatment were apparently mainly due to factors other than the
amount of albumin mRNA.

Significance to Cancer Research : By use of albumin cDNA probe the levels
of mRNAalb. can be precisely measured in normal, precancerous and malignant
liver. The validity of a theory that microsomal DNA may be "messenger" DNA
can also be tested using the probe in molecular hybridization. The establish-
ment of a biological role of microsomal DNA, if any, in normal and cancerous
tissue will be important.

Proposed Course of Research : With the return of Dr. Chakrabartty to
India, this project has been terminated and the results are being prepared
for publication by him.

Publications:

1. Chakrabartty, P. D. and Schneider, W.C.: Increased activity of rat liver
messenger RNA and of albumin messenger RNA modulated by thioacetamide.
Cancer Res. 38: 2043-2047, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)

Epidemiological and experimental studies have implicated high dietary fa^ in

the increased incidence of mammary cancer . Experimental systems have been

established for assessing fatty acid effects on the growth of cells from normal

tissue and carcinogen induced mammary tumors of rats. The studies show that

all unsaturated fatty acids present in the gland in appreciable amounts promote

cell growth. Both normal and tumor cells are inhibited by saturated fatty

acids. Maximum growth rate of tumor cells is obtained with oleic acid while

normal cells grow best in the present of linoleic or linolenic acid. Both

normal and tumor cells may be able to recruit fatty acids needed for growth

from neighboring tissue. Perphenazine treatment of animals produces an increase

in the relative amount of unsaturated fatty acids in the mammary gland but not

in omental fat. This appears to be effected by the action of prolactin. Maps

of fatty acid types at various distances from growing mammary tumors have been

made. These suggest a concentrating of unsaturated relative to saturated

fatty acids closest to the tumors.
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Project Description:

Methods Employed : Fatty acid analysis was performed by gas chromatography
following methylation of the samples with BF : MeOH or by high pressure
chromatography following conversion to p-bromophenacyl derivitives. Normal
mammary gland fragments were cultured in serum-free medium 199 containing 1%
fatty acid-free bovine serum albumin to trap free fatty acids released by
the glandular tissue during incubation with hormonal supplements.

Major Findings :

A. Proliferation of the mammary glanular epithelium results in an
enrichment of unsaturated vs. saturated fatty acids in the gland .

A 29 hour stimulation of virgin female rats with perphenazine results in

a massive proliferation of the mammary gland. Analysis of the total
fatty acids reveals that the relative amounts of unsaturated fatty acids
increases about 40% over the level seen in unstimulated controls. The
effect of perphenazine on fatty acid levels appears to be specific for
the mammary gland since the drug did not change the percent unsaturation
in mesenteric fat.

B. Prolactin stimulates the release of free fatty acids by the mammary gland .

Apparently, the mitogenic effect of prolactin is coupled to a recruitment
of fatty acids needed for growth from neighboring adipose tissue. In

explant culture, free fatty acid release is increased 50-100% over
controls by prolactin. A maximum response is seen at 100 ng
prolactin/ml which is within the physiological concentration range of

this hormone.
C. Mammary tumors may also be able to recruit fatty acids from the adipose

tissue nearby . Total fatty acids were measured in fat tissue from 0-1

cm and from 1-2 cm distances away from the periphery of 7,12-DMBA and
MUN induced mammary tumors. The results indicate that the ratio of

unsaturated to saturated fatty acids is 17 + 8% greater in the adipose
tissue most proximal to the tumor compared to the ratio in adipose
tissue from 1-2 cm away from the tumor.

D. Interpretation of the results . The most likely explanation for the

above effects is that initiation of cell growth by hormones in the

absence of unsaturated fatty acids produces a growth which is rate
limited, probably because of a diffident transport process. This

limiting step is further restricted when saturated fatty acids are

incorporated into cellular membrane but overcome by incorporation of

unsaturated fatty acids. The fatty acid changes in proliferating vs.

resting mammary tissue and the changes in percent unsaturated fatty

acid distribution seen at various distances away from the tumor both

suggest that some physiologic mechanism exists for selectively altering

the types of fatty acids made available to the growing tissue. The

results obtained in explant culture suggest a hormone involvement in the

recruitment process.

302



Project No. ZOl CB 0e229-03 LPP

Significance to Biomedical Research and the Program of the Institute :

NCP objective #1, Approach 3. Information regarding two potential areas of
concern to the etiology of mammary cancer and its progression may be gained
from the project. One is the role of dietary fat in the incidence of breast
cancer generally and the second relates to the development of metastatic
potential. The latter derives from the fact that many primary mammary tumors
or hyperplastic nodules can only be transplanted successfully to certain
types of adipose tissue. This may be due to a high requirement for fatty
acids by non-metastatic but not metastatic cell growth.

Proposed Course of Research :

The findings presented as well as those of other investigators point to a

co-ordinated system of cell types and tissue elements comprising the mammary
gland with hormones such as prolactin not only acting on the epithelial cells
but on adipocyte cells in concert to provide fatty acids needed for gland
growth, development and function. The in vitro explant culture approach will
be pursued to ask questions about the selectivity for uptake and release of

particular fatty acids from adipose tissue and hormone effects on the process.
The primary cell culture of ducts and alveoli and DMBA tumor cells will be
employed to determine the mechanism of activation or inhibition of cell
growth by fatty acids and to explore the feasibility of selective killing of

tumor cells by fatty acid analogs. To evaluate the hypothesis that
metastatic potential of mammary cancer relates to a loss of a high lipid
requirement, generally or specifically, a comparison of fatty acid effects
on the growth of metastatic and non-metastatic rat mammary tumor cells will
be undertaken.

Publications:

1. Kidwell, W.R., Wicha, M. and Smith, G. : Fatty acid requirements for a

cell line established from a 7,12-DMBA induced rat mammary tumor. In
Lippman, M. (Ed.) Conference on Hormones and Cancer. Cancer Research
38: 4091-4100, 1978.

2. Monaco, M. , Lippman, M. , Knazek, R. and Kidwell, W.R, : Effects of

vasopressin on growth and differentiation of a rat mammary tumor cell

line in long term culture. In Lippman, M. (Ed.) Conference on Hormones
and Cancer. Cancer Research 38: 4101-4104, 1978.

3. Wicha, M.S., Liotta, L.A., Kidwell, W.R.: Effects of free fatty acids
on the growth of normal and neoplastic rat mammary epithelial cells.

Cancer Research 39: 426-435, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

Granulosa cells obtained from estrogen-primed, hypophysectomized, immature female
rats (HIFR) do not bind significant amounts of PRL. However, FSH treatments in
vivo have been shown to induce detectable PRL receptors in the granulosa cells,
an effect that is accentuated by injecting bGH in addition to oFSH . HIFR granu-
losa cells have been shown to synthesize and secrete prostaglandin E and F20, in
vitro in amounts that are determined by the hormonal state of the animals from
which they are excised. Pretreatment with injections of oFSH causes prostaglandin
synthesis to increase in a dose-responsive fashion. Addition of bGH to the injec-'

tion schedule has little effect on the oFSH-induced prostaglandin synthesis when
50 to 100 yg oFSH doses x3 are injected but acts to suppress the synthesis of

prostaglandin when the 200 yg oFSH dosage schedule has been employed. Addition
of prolactin to the in vitro incubations of the cells from oFSH-treated animals

causes a suppression of both PGE and PGF synthesis. Prolactin appears to supp-

! ress prostaglandin synthesis in the ovary as bGH may affect the ovary by making

I
it more susceptable to the effects of PRL. Whether modification of the prostaglaii

I

din cascade is the mechanism of action of prolactin or is just an incidental

I

result of the PRL effect remains to be determined.
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Methods Employed : Female Sprague-Dawley rats are hypophysectomized (HIFR)
at 21days of age and implanted subcutaneously with a silastic-encased diethyl
stilbestrol (DES) pellet. The presence of high concentrations of this estro-
genic substance in the absence of gonadotrophins stimulates the proliferation
of granulosa cells. Dispersal of such ovaries can be achieved by forcing the
tissues through a stainless steel wire mesh and resuspending the granulosal
isolates and clumps of retained interstitial tissue in sterile tissue culture
medium

.

An assay for prostaglandin E and F has been set up consisting of organic
solvent extraction, silicic acid column chromatography, and radioimmunoassay.

Major. Findings : Patients suffering from hyperprolactinemia are found to

be anovulatory. The reason for this state is unknown. Studies by other inves-
tigators have shown that the absence of PGF within the ovarian complex pre-
vents release of the ovum in such a manner that would permit subsequent success-
ful fertilization. Although it certainly does not follow that these two obser-
vations are causally related, the possibility that they were, coupled with our
interest in the mechanism of prolactin action and receptor modulation prompted
the following studies.

DES-HIFR were pre-treated for two days with saline or q 12 hourly x 3

injections of oFSH in amounts of 50 ugj 100 yg, or 200 yg/dose. Injections
100 yg bGH q 4 hours were also given subcutaneously to half of these animals.
The HIFR were sacrificed 12 hours after the last oFSH injection and/or 8 hours
after the last bGH injection. Weights of the paired ovaries increased from
18 mg for the saline-injected controls to 40 mg for the 200 yg oFSH-injected
group in a dose-responsive fashion.

Granulosa cells isolated from these ovaries were incubated for 2 hours in
buffered saline at 37°C, The total suspension was then assayed for prosta-
glandins. Such cells synthesized prostaglandins E and F„ . Both PGE and PGF„
synthesis increased in a dose-responsive fashiontup to 10-fold as the amount"
of oFSH injected was raised from to 200 yg/dose. Supplemental treatment of
such animals with bGH had little effect on prostaglandin synthesis until in-
jected into the high dose oFSH group: at this point, bGH suppressed the prosta-
glandin synthesis to nearly non-detectable levels. Incubation of granulosa
cells from 200 yg oFSH treated groups with either 100 ng or 1000 ng oPRL/ml
resulted in 10 and 30% decreases in PGE synthesis and 15 and 35% decreases in
PGF synthesis.

The above studies indicate that prolactin suppresses the synthesis of
prostaglandin in the ovary that possesses prolactin receptor sites. This
may be the mechanism through which prolactin acts but may also simply be an
incidental effect of what may prove to be the true mechanism of action. Exten-
sion of these observations to other PRL-responsive tissues would strengthen the
thesis that it is the mechanism of action.

Significance to Biomedical Research and the Program of the Institute:
Knowledge of the effect of the mechanism of prolactin action upon ovarian
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function will enhance our understanding of the role of this manmiotrophic hor-
mone in the development of both mammary carcinomata and pathologic states
which predispose individuals to its occurrence.

Proposed Course of Research : The prolactin- induced changes in ovarian
morphology and steroidogenic capacity will be studied in the HIFR model.
Detailed studies of prolactin to granulosa cells subjected to various hormonal
manipulations will be studied in detail.

Publications:

1. Ross, G. T., Hillier, S. G., Zeleznik, A. J. and Knazek, R. A.: Gonadotro-
pin and steroid hormones interactions in ovarian follicle growth, atresia,
and steroid hormone synthesis. In: Proceedings of the VIII Meeting of the
International Study Group of Steroid Hormones, Research on Steroids. Rome,
Italy, Academic Press, (in press).

2. Zeleznik, A. J., Hillier, S. G., Knazek, R. A., Ross, G. T. and Coon, H.G.

:

Production of long-term steroid-producing granulosa cell cultures by cell
hybridization. Endocrinology (in press) .
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The interactions of Sendai virus with human erythrocyte membranes were
observed and interpreted. Sites of attachment of Sendai virus were located

by freeze-etching techniques. The fusion of erythrocytes induced by

Sendai virus originates in formation of intercellular plasmodesmata and a

polymorphic network of membrane tubules.
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Position Description:

Methods : Sendai virus harvested early or late from allantoic fluid and
clarified by centrifugation. Virus is incubated with washed human erythrocytes
and incubated for one hour at 40°C and for 1 to 60' at 37°C. Tissue is
processed for freeze-fracture, freeze-etching and thin section electron
microscopy.

Major Findings : The early interaction of Sendai virus with the erythrocyte
involves binding of virus to glycophorin molecules intercalated into one
erythrocyte membrane. Localization of viral binding sites was determined by
freeze-etching experiments. Binding of the virus results in the formation of
membrane indentations which disappear upon incubation at 37 °C. Fusion of the
virus consists of incorporating the viral membrane into the erythrocyte membrane.
Analysis of the freeze-fracture morphology of human erythrocytes during Sendai
virus-induced fusion indicates that it occurs in several spots within regions
of close membrane proximity and results in formation of plasmodesmata which
provide cytoplasmic continuity. Radial expansion of the plasmodesmata causes
the formation of a polymorphic network of membrane tubules with a lumen continuous
with the external space. Further expansion is probably made at the expense of
this tubular network which eventually ruptures and is reabsorbed into the
membrane and/or lost as membrane remnants within the cytoplasmic space. Our
results are best explained assuming that the virus particles do not directly
participate in intermembrane fusion. (Pinto da Silva, P., Shimizu, K. and
Parkison, C: Fusion of human erythrocytes by Sendai virus: freeze-fracture
aspects. Submitted for publication); Pinto da Silva, P., Shimizu, K. and
Parkison, C: Fusion of human erythrocytes by Sendai virus, freeze-fracture
aspects. Proc. 6th International Congress, Kyoto, 1978).

Significance to Research and the Program of the Institute : The outer
surface of membrane contain most or all of the chemical groups that provide
the characteristics for cells. Cell surfaces are directly responsible for
many membrane interactions, including membrane fusion which mediates most
secretory mechanisms as well as many viral infections of cells.

It is considered that the abnormal behavior of cancer cells is reflected
to a large degree by altered characteristics of their cell surface and thus
their plasma membrane. Therefore, studying the structure and function of

biological membranes in general will give a better understanding of the basic
biological processes of cancer cells.

Proposed Course of Research : Additional experiments will be made to

clarify structural differences between hemolytic and non-hemolytic Sendai virus
and to obtain information on the mode of fusion of the virus with the
erythrocyte membrane. Project will terminate this year.

Publications

:

None
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SUMMARY OF WORK (200 words or less - underline keywords)

Schwann cell membranes from the myelin sheaths of rat optic and sciatic nerves

are observed during differentiation. Freeze-fracture analysis is used to

determine the processes of myelin formation. Hexagonal particle rosettes are

observed at the periaxonal regions of the Schwann cell plasma membrane in

regional correspondence with particle clusters in the axolemma .
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Project Description:

Objectives : To study the mechanism of formation of myelin and the
structural basis for possible functional interactions between the cytoplasm
of Schwann cells and the axoplasm. To observe the axolemma of non-myelineated
axons and search for possible cytoplasmic communication between neighboring
axons

.

Methods Employed : Rat sciatic and optic nerves are excised, fixed and
freeze-fractured. Age of animals 1, 3, 7, 15 days. Garfish olfactory nerves
are dissected, fixed and freeze-fractured. Replicas are observed with the
electron microscope.

Major Findings : No new findings. Project temporarily interrupted.

Significance to Biomedical Research and the Program of the Institute :

The investigation of structure and function of membrane is important to

understand intercellular communication in normal and transformed cells and

many other cellular processes at the level of the plasma membrane and
chemistry of surfaces of normal and cancerous cells. Myelination can be a

useful model to understand several aspects of the biogenesis of cell membranes.
This is important to understand aspects of demyelinating diseases and

secondary nervous lesions in cancer and metabolic disease.

Proposed Course of Research : To write observations on the non-myelinated
olfactory nerve of garfish and prepare these for publication. To finish

observations on the biogenesis of myelinated nerves. To prospect for the

sites of initiation of Schwann cell membrane interactions which are observed

in differentiated myelin.

Publications:

None
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SUMMARY OF WORK (200 words or less - underline keywords)

A freeze fracture survey of a prostate gland is made for the first time.
Our objectives include: 1) the preparation of a description of
cells in the prostate gland, 2) their changes under different conditions of
fixation, 3) the observation of membrane events related to secretory
processes and 4) the elucidation of temperature and fixation related
structural alterations of the membranes of the endoplasmic reticulum and
nuclear envelope.
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Project Description:

Methods : Rat ventral prostate gland is dissected, fixed, impregnated
in 30% glycerol and freeze-fractured. Platinum-carbon replicas are
observed with the electron microscope.

Major Findings ; A freeze-fracture survey of the rat ventral prostate
has been done. In addition to structural features observed by conventional
thin section techniques, new observations have been done on the architecture
of the epithelial cells of the prostate which show these as irregular
hybrids of prismatic and pyramidal shapes, without definite axis of
symmetry. The intercellular junctions between epithelial cells have also
been observed, with particular emphasis on the morphology of tight junctions.
Comparative morphology of these junctions fixed at different temperatures
or frozen immediately after excision, in the absence of a cryopreservative,
shows the formation of an extensive junctional network in preparations
fixed in glutaldehyde at 37 °C. Observations of tight junction morphology
in areas where three epithelial cells meet reveal a structural subtype
of the tight junction. Other observations are centered on the various
mechanisms used by the prostate cell in its secretory processes and the
existence of thermotropic phase transitions in the membranes of the
endoplasmic reticulum and nuclear envelope.

Significance to Cancer Research and the Program of the Institute :

Prostate cancer is one of the most prevalent cancers in man. Considerable
efforts have been devoted to the study of the structure at the electron
microscopic level of normal and malignant prostatic tissues. Most previous
studies have used conventional thin sectioning. We attempt for the first
time, to study with freeze-fracture, the morphology and dynamics of the mem-
branes of the normal prostate. This step will be followed by a comparative
study of prostatic carcinoma in order to evaluate the similarities and
differences with their normal counterpart.

Proposed Course of Research : To complete and prepare for publication a

monograph on the freeze-fracture morphology of the prostate gland. To elucidate
the experimental conditions leading to the segregation of intramembranous
particles in the endoplasmic reticulum and nculear envelope. To observe
further the regions of the gland which surround the epithelial cells,

including the basement membrane and myoid cells. To initiate a comparative

morphological study of the normal, pre-neoplastic and neoplastic prostate.

Publications:

None
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Freeze-etch electron microscopic observation of platelets during clot formation

reveals aspects of the formation and growth of the fibrin network.

Investigation of possible structural alterations of platelet plasma membranes

at different temperatures and hydrogen ion concentrations.
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Project Description:

Methods : Human platelets are isolated and processed for freeze-fracture:
i.e., fixed, impregnated in glycerol, frozen and freeze-fractured. In other
samples the fracture of clots, previously induced, and the specimens are
processed in a similar way. After freeze-fracture the frozen fractured specimens
are exposed to a long period of sublimation (deep freeze-etching)

.

Platinum/carbon replicas are observed with the electron microscope.

Derivatized ferritin of high isoelectric point (cationized ferritin) is

used to label anionic sites at the platelet surface and ionized at
different hydrogen ion concentrations. Colloidal ion treatment of platelets
is used to determine the distribution of highly acidic surface sites
(sialic acid) . Analysis of the mode of distribution of anionic sites is

made through the observation of thin sections with the electron microscope.

Major Findings : Search for experimental conditions leading to

structural alterations of the platelet plasma membrane indicate that at
slightly acidic conditions the intramembranous particles observed on the B

face can aggregate, preferentially, contrary to those of the A face, whose
distribution remains unchanged. If experiments in progress confirm this
result, it will show for the first time, independent displacement of integral
membrane components associated with each membrane half.

Electron microscopic observation of human platelets during clot
formation, after deep freeze-etching, reveals at the surface of their plasma
membrane initial aspects of the growth and formation of the fibrin network.

Significance to Cancer Research and the Program of the Institute :

This project is not primarily related to cancer. However, coagulation alter-
ations are not unusual in cancer patients, although the exact link is still
poorly understood. Some defects related to fibrinogen polymerization occur
frequently in cancer patients and more information is needed to understand
and control this paraneoplastic event.

Proposed Course of Research : To search for possible alterations in the

structure of the platelet membrane which may be related to blood clot
formation. To continue observations on the experimental conditions leading
to the induction of intramembranous particle aggregation in platelet plasma
membranes. If particle aggregation on B face is confirmed, to relate
distribution of particles to distribution of amionic sites at the outer
surface with cationized ferritin and sialic acid. To use improved methods
of fixation leading to better conditions of observation of the fibrin
network.

Publications

:

None
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SUMMARY OF WORK (200 words or less - underline keywords)

Thin section observation of Pythophthora palmivora zoospores reveals the

presence of electron dense deposits at the zones of membrane fusion. These

deposits represent the sites of secretion related, calcium binding substrates.
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Project Description:

Objectives : To elucidate the role of calcium in the process of fusion
of biological membranes and to understand other structural aspects of the
mechanisms of membrane fusion. To search for the existence of secretion
related, calcium binding substrates.

Methods Employed : P . palmivora zoospores are harvested, washed and induced
to encyst under a variety of mechanical and ionic conditions. Encysting zoo-
spores are fixed and prepared for thin section electron microscopy.

Major Findings : The thin section morphology of calcium-triggered,
encysting populations of P . palmivora zoospores was analyzed. Fixation in
calcium-containing glutaraldehyde resulted in the formation of osmiophylic
electron-dense deposits in specific areas. The deposits were generally
associated with the cytoplasmic regions neighboring the areas of fusion
of peripheral vesicles with the plasma membrane. Intermittent deposits
were observed on the cytoplasmic surface of the plasma membrane and flat
vesicles. They also filled the space of collapsed endoplasmic reticulum
cisternae, and were intermittent within the exoplasmic, intermembrane
spaces of mitochondria. The deposits were not present in cysts, and could
be removed by the incubation of the cells in EGTA after fixation. Our
results indicate that the deposits represent calcium-binding, osmiophylic
sites probably related to the sequence of secretory events, namely the
fusion of peripheral vesicles with the plasma membrane and release of
cell wall precursors. The presence of the deposits within the exoplasmic
paces of mitochondria and endoplasmic reticulum is seen as a reflex
of the role of these organelles in the Ca-mediated processes of secretion.
(Hemmes, D. and Pinto da Silva, P. Localization of secretion-related
calcium-binding substrates in encysting zoospores of Phytophthora palmivora .

Submitted 1979)

.

Significance to Biomedical Research and the Program of the Institute :

Membrane fusion is a frequent and important event in the biology of cells.
It mediates not only most secretory processes but also other important
phenomenen such as the formation of secondary lysosomes as well as

endocytotic events. The study of plasma membranes, their structure,
dynamics and interactions, is important to understand the biology of the
normal cell and serve as a basis for comparison with pathological states
including cancer.

Proposed Course of Research : To search for the presence of calcium
binding substrates relating to the secretory process in other cell systems
(e.g., mast cell, pancreas) by investigating the nature of the putative
calcium enriched electron dense deposits at the regions of membrane
fusion utilizing the experimental methods and sequences developed for

P. palmivora .

Publications: None
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SUMMARY OF WORK (200 words or less - underline keywords)

Experimental studies have shown that retinyl acetate (a derivative of

vitamin A) reduces the incidence of mammary carcinomas induced in rats by
DMBA or NMU treatment. This work aims at establishing whether the same

vy
compound could prevent the appearance of mammary tumors in C3H-A mice,
a strain in which genetic background and viral infection play a major role
in the mammary tumorigenesis

.
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Project Description:

w
Methods Employed ; C3H-A ' female mice were fed a stock diet supplemented

with retinyl acetate at concentrations of 83, 41 and 21 mg/kg diet. Retinyl
acetate diet was started at conception in one group whose mothers were fed
RA from the time of mating. Two other groups were placed on the RA diet at
weaning or at 3 months of age. Mice were necropsied 1 month after the
appearance of the first mammary tumor and toxic effects evaluated.

Major Findings :

1. Retinyl acetate failed to influence incidence of mammary tumors
(82 to 90%), number of tumors per mouse (1.6 to 2.1) and tumor latency
period (10.2 to 11.6) in all groups.

2. In retinyl acetate fed mice the incidence of hepatomas was sharply
decreased (70% in controls versus 11, 17 and 46% in mice fed

83, 41 and 21 mg RA/Kg diet, respectively).

3. Severe lesions of the joints were induced by RA feeding, even at small
doses, unable to cause other signs of toxicity.

Significance to Cancer Research and the Program of the Institute : This
work has established that retinyl acetate has no preventing or retarding effect
against the appearance of mammary carcinomas in C3H-A mice. The reduction in

incidence of hepatomas can be due either to a specific effect on the hepatocyte
or to unspecific metabolic events, causing a reduction in body weight.

Proposed Course of Research : To complete the study as outlined in the
Objectives

.

Publications

:

None
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SUMMARY OF WORK (200 words or less - underline keywords)

The long range objective of this project is to investigate the function and

properties of melanin DNA in murine melanomas . The initial aim is to purify

the various DNA's from the nuclear , mitochondria and melanin granules ,
and

characterize these with respect to melting points , density in CsCl and

sedimentation coefficients . Nucleic acid hybridization studies will be used

to determine the degree of interrelatedness between species, particularly with

respect to the melanin DNA. The function of this latter DNA species will then

be elucidated.
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Project Description:

Major Findings : Previous investigators (Schneider, Shelton and Kuff;
J. Natl. Cancer Inst. 55: 665, 1975) have shown that a species of DNA,
different from that of either the nucleus or mitochondria exists in the
melanin granules of the cytoplasm; this DNA was also found to be actively
incorporating C-labelled thymidine. The questions which naturally arise are
1) how closely related is the melanin species to the others found in the cell
and 2) what is its function. In this respect, it is interesting to note that
tyrosinase is thought to be the only enzyme present in the granules. The
source material for our studies is the B-16 melanoma grown subcutaneously
from a single-cell suspension in C57/blk mice. Since the purified DNA species
are a prerequisite to our successful studies, much of our program has been
oriented in this direction. After sacrificing the animal, the tumor is removed,
homogenized in ice-cold Tris-HGl/sucrose buffer and taken through a series of
washings designed to separate the nuclear fraction from that of the
mitochondria and melanin granules.

The mitochondria and melanin pellet are then separated in a shallow
discontinuous sucrose gradient by isopycnic centrifugation. The nuclei,
mitochondria and melanin granules are washed, suspended in a solution of
urea/sodium phosphate buffer/SDS and incubated overnight at 61°C, in the
presence of proteinase K and sodium perchorate, both of which assist in the
degradation of protein and reduce the stickiness encountered during the
solubilization process. To eliminate contamination by cytoplasmic DNA and
RNA, we are experimenting with the possibility of incubating these organelles
in the presence of both DNase and RNase. The DNA is then purified by a
combination of systems including 1) extraction of protein and lipids with
chloroform/phenol/ isoamyl alcohol, 2) ether extraction of excess phenol and
3) the chromatographic isolation of double stranded DNA off hydroxyapatite,
a step elution process.

Project 1 :

Each of the DNA species was subjected to a limited characterization.
Melting points for both nuclear and melanin DNA were shown to be approximately
86°C while that for the mitochondria DNA melted at a slightly lower temperature
of 84.5°C. Density studies in a CsCl gradient indicated a G-C ratio of 44.6%
for nuclear and melanin DNAs, and 41% for the DNA of mitochondria. Results
of studies with sucrose gradients although inconclusive, did indicate a

fragmentation of all three DNA species during the purification procedure.
Hybridization experiments to date with H-thymidine-labelled DNAs as probes
showed that nuclear DNA reassociated at a higher C t value than did the melanin
DNA. However, when H-melanin DNA was hybridized with 100-fold excess cold
nuclear DNA, the C t value for melanin DNA was reduced indicating the presence

J- . O or
of gene copies m the nucleus. These investigations are .continuing.
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Project 2 :

As a result of our purification studies, i.e., the separation of melanin
granules from the mitochondria in a sucrose gradient, clearly three separate
bands of mitochondria were obtained—two heavy and one light band.
Preliminary results show that all possess succinic dehydrogenase activity, but
the activity of the heavy band appears to be less stable under various
experimental conditions. Furthermore, the specific activities of the heavy
and light bands as judged by H-thymidine incorporation varied as much as

10-fold. Work is continuing in this area, with the expressed purpose of

identifying and characterizing these bands.

Studies on Uridine-Cytidine Kinase :

Kinetic studies have been completed which explored the catalytic
reactability of this enzyme with pseudouridine and 3-deazauridine, two

analogs of uridine, the natural substrate. We have found that both compounds
are catalyzed to the respective nucleoside monophosphates. The K and V
values for pseudouridine, determined by the Cleland Hyper program, were
20.4 mM and 1.41 ymoles phosphorylated/min/mg enzyme protein, respectively,
while those for 3-deazauridine were 0.031 mM and 1.09 pmoles. These
substrates were tested both in potassium phosphate buffer, pH 7.4 and
imidazole buffer at pH 6.5 with similar results.

Significance to Biomedical Research and the Program of the Institute : It

is becoming more apparent that DNA is present not only in the nucleus, but is

also ubiquitous in the cytosol. However, little is known about the actual

biological function or purpose of these DNAs. It is important, therefore, to

discover how these various species interact within the cell, and in particular,

within the neoplasm, and more importantly, how they are being regulated.

Proposed Course of Research : Ivestigation will be continued on the

isolation and characterization of melanin DNA. These include 1) isolating

pure samples of the three DNA species under investigation, 2) obtaining a

sensitive marker for hybridization sutides between melanin DNA and the DNA

samples from the nuclear and mitochondrial fractions, 3) determining the

function of this DNA species in the melanin granules, 4) isolating the

three species of mitochondria from the melanocytes, and 5) characterizing

these mitochondria species relative to the mitochondria found in normal

tissue (liver)

.

Publications:

1. Liacouras, A.S. and Anderson, E.P. : Uridine-Cytidine Kinase IV.

Kinetics of the competition between 5-azacytidine and the two natural

substrates. Molecular Pharmacol. 15: 331-340, 1979.
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SUMMARY OF WORK (200 woras or less - underline keywords)
Insulin and cyclic AMP have been linked to the regulation of mammary tumor
growth and regression . Approximately 70% of primary DMBA-induced mammary
tumors regressed when tumor bearing rats were made diabetic after treatment
with streptozotocin. Following insulin withdrawal, significant increases were
observed in the cyclic AMP levels, cyclic AMP binding and cyclic AMP-dependent
protein kinase activities, both in the cytosol and nuclei. The regulation of
the cyclic AMP system by insulin and other hormones is being investigated at
the levels of the cyclic AMP phosphodiesterases and will be extended to include
adenylate cyclase .
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Project Description:

Objectives :

In view of the increasing interest in the link between cyclic AMP and growth
control and the well acknowledged relation between hormones and cyclic AMP,
this work was undertaken to explore the mechanism by which hormones and
cyclic AMP interplay in the growth regulation of mammary cancer.

Methods Employed :

Primary DMBA- induced and NMU- induced mammary tumors, the majority of which
are hormone dependent, were used as the model system. Diabetes was induced
with i.v. injections of streptozotocin. Basal levels of the cyclic AMP system
components were determined in tumor biopsy samples before treatment. The
cyclic AMP phosphodiesterase forms were distinguished by kinetic studies and
separated by DEAE cellulose anion exchange chromatography and on sucrose
density gradient.

Major Findings :

Approximately 70% of primary DMBA-induced mammary tumors regressed when
tumor-bearing rats were made diabetic. Following insulin withdrawal
cyclic AMP levels increased 4-fold during regression. Cyclic AMP binding
and cyclic AMP-dependent protein kinase activities increased first in the
cytosol and subsequently these activities accumulated in the nuclei. At
least 2 forms of cyclic AMP phosphodiesterase activities were resolved
from the tumor homogenates by:

1. Kinetic Studies
2. Anion Exchange Chromatography
3. Sucrose Density Gradient
These activities differed in their affinity for cyclic AMP, sedimenta-

tion coefficient and elution profile on anion exchange column.

Significance to Cancer Research and the Program of the Institute :

These studies are aimed at a better understanding of the chain of biochemical
events that convert the therapeutic action of hormones into specific
metabolic responses leading to mammary tumor regression.

Proposed Course of Research :
|

Further investigation of the effect of insulin, prolactin and estrogen, all of I

which are therapeutic hormones in mammary cancer, on phosphodiesterase and
adenylate cyclase enzymes.

I

Publications:
!

1. Shafie, S.M., Cho-Chung, Y.S. and Gullino, P.M.: Cyclic Adenosine
3

' :5 '-monophosphate and protein kinase activity in insulin-dependent
and -independent mammary tumors. Cancer Res . 39: 2501-2504, 1979.
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SUMMARY CF WORK (200 worts or less - unaerline keyworts)

Solid mammary tumors are induced in nude mice by s.c. injections of the human
breast cancer cell lines MCF-7 or ZR-75. Tumor induction is estrogen dependent
and prolactin (but not progesterone) appears to also have a stimulatory
effect. The high frequency of lung, spleen and liver metastases makes this

system particularly useful in the ongoing study on the mechanism of basement
membrane invasiveness by tumor cells and the role of hormones both in vivo
and in vitro in this process. Tumor growth proceeds even when the tumor host
is ovariectomized but tumors regress when the host is treated with anti-
estrogens. This raised the possibility that these tumor cells continue to be
estrogen dependent but have the potential of making their ox^m hormones. We are
investigating the possibility of a paraendocrine activity by these cells and
their solid tumors and in the process of designing experiments on combined
endocrine and chemo therapeutic protocols that could induce an appropriate
and most effective tumor rearession.
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Project Description:

Objectives :

To identify the hormonal requirements for the induction of human solid breast
tumors in nude mice and for the progression of the disease (metastasis) . To

use results from the above as a basis for endocrine additive or ablative
therapy and, when necessary, combined with chemotherapy for the effective
induction of tumor regression.

Methods Employed :

The human breast cancer cultures MCF-7 and ZR-75 were used for the induction
of tumors in athymic and double immunodef icient nude mice. Dependence on or

stimulation by hormones was tested by either hormone withdrawal (surgical
removal of endocrine tissues) or hormone administration through injections
or by placing a hormone pellet in the suprascapular region of the host mouse.
Metastases was monitored by histology and invasiveness of cultured cells into

agar is being tested by a method developed by Lance Liotta.

Major Findings :

Solid tumor formation by either culture was estrogen-dependent. Tumors could
not be induced in ovariectomized mice but were induced in ovariectomized mice
supplemented with exogenous estrogen. Tumor growth was stimulated 5 to 10-fold
when exogenous estrogen was supplemented to intact tumor host. A tumor grown
to approximately 1.0 x 1.0 cm no longer requires ovarian estrogen or exogenous
estrogen for growth and hence does not regress when host is ovariectomized.
Prolactin also induces tumor formation in an estrogen-deprived mouse but the

tumor growth rate is ^^10% of tumors grown in the presence of estrogen.
Progesterone does not seem to influence tumor induction or growth. Insulin

appears to play a role in sustaining tumor growth as the induction of diabetes
was most effective in inducing regression. Tumors formed from the MCF-7
cultures (but not ZR-75 culture) showed a high frequency of lung metastases
as well as liver and spleen metastases. The 2 cultures also showed differences

in the collagenase level which is specific for basement membrane type IV

collagen and is linked to invasiveness.

Significance to Cancer Research and the Program of the Institute :

These studies provide a new model for studying growth and regression of

human breast cancer in the same system in a consistent and reproducible

manner. As such, it should help explore with an original approach the

mechanism of endocrine dependence or the lack of it in the course of

therapy. The studies also provide a new model for human breast cancer
metastasis and for understanding the factors that promote or inhibit the

metastatic process.

Proposed Course of Research :

1. To investigate the loss of dependence of the growing tumor on host
or exogenous estrogen. Cells and tumors will be tested for their
paraendocrine potential to synthesize the different estrogens from
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precursor metabolites such as androstenedlone. New therapeutic protocols
will be initiated based on the results.
2. To design therapeutic regimens for human breast tumor regression
with a special attention given to potentiating sequential and combined
therapy such as stimulating the metabolic activities of the tumor by
hormones before treatment with antitumor drugs. This part is currently
in progress in collaboration with Barbara Vonderhaar and Oliver Alabaster,
3. Further investigation of the metastatic process and its biochemical
control in collaboration with Lance Liotta.

Publications:

None
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;UMMARY OF WORK (200 words or less - underline keywords)

Previous experiments on human mammary tissues have demonstrated that

carcinomas elicit an angiogenic response in a high percentage of cases,

whereas resting epithelium and benign lesions do not. The objective of

this work is to study the angiogenic capacity of the human thyroid by

k comparing the behavior of the normal gland versus that of hyperplastic

and neoplastic lesions, either benign or malignant.
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Project Description:

Methods Employed : The technique used is the rabbit iris transplant.
Small fragments of tissues are inserted into the interior chamber of
anesthetized rabbits and then gently deposited on the cornea. The transplants
are observed daily with a slit-lamp stereomicroscope. Within 4 to 6 days
after transplantation, fragments with angiogenic properties are surrounded
by a halo of capillaries. At the end of the 7th day each transplant is
removed and processed for histologic examination.

Major Findings :

1. Normal thyroid and 2 adenomas exhibited a very low angiogenic
capacity (<10%).

2. In 3 cases of Hashimoto's thyroiditis the percentage of angiogenic
response was approximately 45-50%.

The angiogenic capacity of carcinomas is still unknown. No case has
been implanted yet.

On the basis of previous studies, it is expected to find a low percentage
of angiogenic response in the normal gland and a high percentage of angiogene-
sis in malignant neoplastic lesions, irrespective of their histologic type.

The kind of response elicited either by hyperplastic nodules or by benign
neoplastic lesions is uncertain.

Significance to Cancer Research and the Program of the Institute :

Demonstration that carcinomas of the thyroid have a strong angiogenic
capacity might be useful in the diagnosis of those malignant lesions of

the gland that show a benign pattern on morphological examination.
Moreover, the test could help in separating benign lesions with high risk
of neoplastic transformation.

Proposed Course of Research ; To complete the project as outlined above.

Publications

:

1. Maiorana, A. and Gullino, P.M.: Acquisition of angiogenic capacity and

neoplastic transformation in the rat mammary gland. Cancer Res

.

38: 4409-4414, 1978.

2. Brem, S.S., Jensen, H.M. and Gullino, P.M.: Angiogenesis as a marker
of neoplastic and preneoplastic lesions of the human breast.
Cancer 41: 239-244, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)

Previous studies have demonstrated that lithium ion exerts a strong stimulatory

effect on cell multiplication of mouse mammary gland in culture. This work

aims at establishing whether lithium ion: a) can increase the tumor

inducing capability of small doses of NMU, that usually are tumorigenic only

in 5-10% of the treated rats and b) can modify the curve of_ appearance of

tumors in DMBA-treated rats that have not developed carcinomas 4 months

after treatment.
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Project Description:

Methods Employed : Two different strains of rats are used: a) Buffalo
female rats injected 1 single i.v. dose of 25 mg/Kg body weight NMU at
48+2 days of age and b) Sprague-Dawley female rats fed 20 mg DMBA 130 days
previously, with no actual palpable tumor. Animals are provided lithium
carbonate 0.001 M on 0.0005 M dissolved in drinking water. Control groups
receive either distilled water alone or a 0.001 M and 0.0005 M solution
of lithium carbonate. Rats are weighed and palpated twice a week for

detection of mammary tumors. Complete autopsy will be performed 5 months
after initiation of treatment.

Significance to Cancer Research and the Program of the Institute :

Demonstration that lithium ion increases the incidence of mammary
tumors in DMBA and NMU-treated rats might be important considering the

wide therapeutic use of the compound.

Proposed Course of Research : To complete the project as outlined above.

Publications:

1. Hori, Chiyo and Oka, Takami: Induction of lithium ion of multiplication
of mouse mammary epithelium in culture. Proc. Nat. Acad.Sci.
(In Press)

.
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SUMMARY OF WORK (200 words or less - underline keywords)

Although in vivo studies of normal and neoplastic breast tissue indicate that

both growth and differentiation processes are hormonally influenced, much

uncertainty exists regarding whether the response to hormones is mediated via a

direct or indirect interaction of hormone(s) with mammary cells. Furthermore,^

even in those instances where direct responses to hormones have been observed in

in vitro culture experiments, it is unknown whether a specified hormone

interacts with one or all of the cellular types of which normal and neoplastic

tissue is comprised. Our objective is to assess the peptide and steroid hormone

receptor levels in the various cell types (epithelial, myoepithelial and stromal)

of normal mammary gland and mammary tumors, to correlate receptor levels with

biological responses and to explore the possibility that hormonal actions are

the result of co-ordinated interaction of the various cell types of normal and

tumor tissue.
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Project Description:

Objectives : 1) Isolation of mammary cells from normal rat mammary gland
and mammary tumors for growth in tissue culture. 2) Analysis of the influence
of isolation and culture media conditions upon cell growth and differentiation.
3) Analysis of the influence of the tissue culture substratum with respect
to collagen type, for the maintenance of endocrine responsive growth and
differentiation in culture.

Methods Employed : Rat mammary ducts and alveoli are isolated by limited
collagenage digestion followed by velocity sedimentation on Ficoll gradients.
A similar method is utilized to isolate nodules of tumor cells from rat
mammary tumors induced by N-nitrosomethylurea and 7, 12-dimethylbenz (a) anthracene.
The cells in the isolated cell types are to be identified as the basis of (a)

indirect immunofluorescent stainability for basement membrane or stromal
collagena, for the breast specific protein, a-lactalbumin and for myosin (b) the
presence of hormone receptors and the response of cells to hormones and (c)

light and electron microscopic evaluation. Cells are cultured in medium
199 + 5% fetal calf serum (dextran-charcoal treated) with various hormonal
supplements. Steroid receptor assays are performed in an exchange with whole
cells attached and growing in glass scintillation vials. Cells or cell extracts
are incubated with H labeled steroids (estradiol-173, dexamethasone for the
glucocortoid receptor, or R5020 for progestin receptor). Differences in

binding between labeled hormone only or labeled hormone plus a 200-fold molar
excess of unlabeled ligand is equated with high affinity receptor levels.

Major Findings :

Cell Characterization . Shortly after plating nodules from the carcinogen
induced tumor cells, cell attachment and spreading occurs. Two cell types
are then apparent. One is a large, flattened cell which stains positively
with antibody against basement membrane collagen and against myosin revealing
a radial cellular array of this protein. The second cell type has a charac-
teristic epithelial morphology, stains weakly with antibodies against base-
ment membrane and intensely with antimyosin antibody. This latter fluorescent
staining is, however, a condensed perinuclear pattern rather than radial and

fibrous as with the flattened cell type. Preliminary evidence indicates that

both cell types contain low, but significant amounts of specific binding for

estradiol-176. We believe that the large, flat cells are myoepithelial and

the second cell type is epithelial in origin.

Estrogen Receptor Levels in Cultured Cells : In all experiments performed
to date, estrogen receptor levels of cultured cells appear to be low compared
to those present in the original tumor from which the cells were derived.

Indications are that estrogen receptors drop to near zero as the cultures

approach confluence. It is uncertain whether this indicates that receptor
levels are correlated with growth rate, or in cell types. Two experiments

indicate that the steroid receptor is very labile, that its loss may be
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irreversible and occurs markedly even during the time cells are being isolated
from the tumors. Receptor levels were measured with and without collagenase
digestion of tumor tissue under conditions in which the loss of cellular
material was minimized. The freshly dispersed tissue had only 1/4 the receptor
levels as undigested tumors incubated without collagenase. Addition of support-
ing hormones in the digestion cocktail appears to protect the estrogen receptors
since cell cultures from collagenase digested tumors possessed higher amounts
of specific binding when the hormones were present during the digestion than
when hormones were omitted. In addition to estrogen receptor, corticosteroid
and progestin receptor are detectable in cultures of mammary tumor cells but
whether they too are unstable or change during time in culture or during
isolation- is unknown.

Significance to Cancer Research and the Program of the Institute :

These studies will help to identify which hormones are mitogenic for normal
and neoplastic mammary tissue and, we think, may provide valuable insight
into the development of hormone independency of mammary tumors. Such
information may have very significant implications for the treatment of
human breast cancer.

Proposed Course of Research :

Greatest effort will be devoted to (a) improving the cell isolation procedures
for maintenance of hormone receptor(s). (b) to identifying the mechanism of

loss of hormone receptor(s) and (c) determining the consequences of receptor
loss for changes in hormone-dependent growth in culture.

Publications
1. Witthiff, J. L. , Heidemann, P. H. and Lewko, W. M. : Molecular basis

of endocrine responsiveness in normal and neoplastic breast tissues.
In Fleisher, M. (Ed.): The Biochemistry of Cancer . (In press).
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SUMMARY OF WORK 1200 words Qr less - underline keywords)

The overall purpose is to develop an in vitro assay of tumor cells invasion of

tissue matrix barriers. Purified collagens, including basement membrane collager.

and other matrix proteins, will be impregnated in soft agar as a means of

simulating tissue matrix. Tumor cell penetration of these artificial barriers
will be quantitated at various times in culture. The role of hormones and
proteases in the invasion will be studied using a wide variety of tumor cells
with known metastatic capacity.
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Project Description:

Objectives :

1. The development of an in vitro model to screen the invasivity of
different tumor cell lines.

2. The influence of the basement membrane components on the invasivity of
tumor cells

.

3. Investigation of the role of the proteolytic enzymes in tumor
invasion process.

Methods Employed : Wells in soft agar are coated with type IV collagen,
type I collagen or other matrix protein. Cell cultures are prepared from
mouse tumor selected for different invasivity. Cell suspension obtained from
the flasks are fitted in the wells and cultured for almost one week. Daily
observation with a phase contrast microscope are performed in order to
semi-quantitate the degree of invasion.

Major Findings :

1. The tumor cells seem to invade soft agar more quickly and efficiently
than normal cells.

2. Different tumor cell lines have different capacity to pass through the
collagen barrier.

Significance to Biomedical Research and the Program of the Institute :

The agar invasion model could be a good routine test to screen the invasiveness
of different tumors.

Proposed Course of Research : Investigation of different enzymes,
hormones and factors promoting or decreasing the tumor cell invasivity
in vitro .

Publications

:

None
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SUMMARY OF WORK (200 words op less - underline keywords)

This study is directed at a deeper understanding of the epithelial matrix
interactions of the DMBA induced mammary tumor. The specific aims are to study:

a) the type of collagen synthesized by the epithelial and stromal elements of

this tumor

.

b) the effect of hormone environment on the synthesis and turnover of collagen
from these elements.

c) the effect of collagen inhibitors such as cis-hydroxyproline on the hormone-
dependent and independent DMBA tumor growth in vivo.
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Project Description:

Objectives :

1) Identification and purification of collagens I, III, and IV from DMBA tumor

stromal and epithelial cells. 2) To determine the effect of hormones in vitro

on the turnover of DMBA tumor collagen. 3) To identify the cell type

producing collagen, by immunofluorescence. 4) To study the effect of collagen

inhibitors on collagen turnover and tumor growth.

Methods Employed :

Rat DMBA mammary tumors are minced and the fibroblasts are separated from the

epithelial cells in Ficoll's gradient. The cells are cultured with different
hormone and B-aminopropionitrile to inhibit the collagen' s cross-links. The

collagen is extracted from the media and from the cell layers using a NaCl

precipitation at acid and neutral pH method. The extract is run in SDS urea

gel electrophoresis. Frozen sections and cell suspensions are studied with

immunofluorescence using antibodies to Type IV collagen. Tumor-bearing animals

and tumor culture are treated with cis-hydroxyproline to check the inhibition

in labeled collagen synthesis.

Major Findings :

1) DMBA tumors produce Type I, III, and IV collagen. 2) Prominent basement

membranes are identified by electron microscopy surrounding DMBA tumor

glandular elements. 3) The Type IV collagen is exclusively produced from

tumor epithelium and myoepithelium in culture.

Significance to Cancer Research and the Program of the Institute :

The DMBA tumor is a model system to study the biosynthesis of type IV collagen

and the role of tumor-matrix interactions in determining the course of tumor

growth.

Proposed Course of Research :

The hormone dependence of DMBA collagen synthesis will be examined to study

the relative effects of different hormones on the turnover of different

collagen types.

Publications:

None
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SUMMARY OF ^ORK (200 words or less - underline keywords)

There are at least five genetically distinct collagen types whose degradation
may be controlled independently. The initial step of collagen degradation is

performed by collagenase, which makes a single cut through the collagen
triple helix. We and others have found that type IV basement membrane collagen
is not degraded by human skin collagenase suggesting that a separate
collagenase may degrade type IV collagen. A collagenase which preferentially
degrades type IV collagen has been derived from a metastasis of the T241
fibrosarcoma.
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Project Description:

Objectives : The objectives of this project are to purify and characterize
this enzyme and to study its biological significance in tumor invasion and
metastases.

Methods Employed : Crude collagenase is obtained from a) seriim-free
cultures of highly metastatic mouse tumor, b) serum free culture of minced
involuting mammary gland, c) serum-free cultures of cultured human breast
carcinoma and d) cultures of rat mammary ducts and alveoli. The enzyme activity
is precipitated with ammonium sulfate and purified by concanavillin A
sepharose molecular sieve and collagen affinity chromatography. Collagenase
activity is studied on labelled and unlabelled purified collagens I, II, III,
IV and V. Degradation products are studied by gel electrophoresis. Enzyme
specificity is studied on non-collagenous substrates, also. In vivo action
of the enzyme is studied by injecting the purified enzyme with or without
inhibitors into various anatomical sites in the mouse. Vascular integrity
(breakdown of vascular basement membrane) at the sites of injection is

studied by i.v. injection of Evans Blue dye. Influence on metastases is

studied by i.v. injection of tumor cells.

Major Findings : Collagenase activity in the serum-free (RPMI 1640)
media from cultures of 8 day metastatic tumors was precipitated with ammonium
sulfate (25-50% saturation) and purified 1300-fold on a concanavallin A
column. The enzyme molecular weight was estimated to be 60,000 by molecular
sieving. The specificity of the tumor enzyme and of human skin collagenase
was studied using collagen types I, II, III, IV and V (alpha AB) . Human skin

collagenase degraded types I, II and III collagen but failed to degrade type IV

or V collagen. The tumor collagenase degraded type IV collagen from mouse
and human sources but failed to significantly degrade collagens I, II, III

and V, fibronectin or casein. The crude tumor enzyme in the presence of

PMSF or the purified tumor enzyme alone cleaved type IV collagen into two

fragments as determined by gel electrophoresis. The tumor enzyme exists in a
|

latent form and can be activated by trypsin. Type IV collagenase activity
was abolished by EDTA, reduced by serum, but not reduced by NEM or soybean
trypsin inhibitor. Injection of the enzyme in_ vivo caused localized leakage
of i.v. injected Evans Blue dye out of vessels.

Obtaining metastatic variants of the B16 melanoma from Dr. J. Fidler, we

noted that spontaneous metastatic propensity correlated with basement membrane

collagen degrading activity.

Latent collagenase was elaborated by human breast carcinoma cells in

continuous culture. The harvest fluid from cells maintained in serum-free

medium contained plasminogen activator, an enzyme which activated extrinsically

added plasminogen. The plasmin formed as a result of this reaction also

activated latent collagenase. Activated collagenase degraded collagen

type I into the TC and TC fragments, which are produced as typical breakdown

products of mammalxan collagenase.
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Latent collagenase was present in tumor interstitial fluid. Collagenase
activity was enhanced in MCF-7 breast carcinoma cultured with insulin.

Significance to Biomedical Research and the Program of the Institute :

Breakdown of basement membranes occurs during the transition from in situ to
invasive carcinoma and during penetration of vessel walls by metastasizing
tumor cells. The basement membrane collagen degrading enzyme identified and
purified in this project may play a role in the cancer invasion process.
Detection of the enzyme may be a means of predicting the metastatic potential
of a tumor. Furthermore, human breast carcinoma cells have been shown to

secrete latent collagenase which degrades stroma type I collagen. Hence
the specificity of different collagenases species elaborated by tumor cells
may influence their pattern of invasion.

Proposed Course of Research : a) Purification of type IV collagen
degrading enzyme to near homogeneity and raising antibodies against this
enzyme, b) Study of the correlation of this enz3nne activity with metastatic
behavior of animal and human tumors, and c) Study of the effect of hormone
environment on secretion of collagenase by human breast carcinoma cells in
culture (in collaboration with Dr. S. Shafie)

.

Publications

:

1. Liotta, L.A. , Abe, S., Gehron Robey, P. and Martin, G.R.:
Preferential digestion of basement membrane collagen by an enzyme
derived from a .metastatic murine tumor. Proc. Natl. Acad. Sci .

76: 2268-2272, 1979.
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We have purified and characterized mammary basement membrane type IV collagen ,

studied its synthesis and turnover in normal and neoplastic mammary gland.
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Project Description:

Objectives :

The overall objectives are to purify and characterize mammary basement
membrane ( type IV) collagen and to study the mechanisms which control its
synthesis and turnover in normal mammary epithelium and in carcinomas. Since
type IV collagen from the mammary gland has not previously been purified, this
project involves the development of new biochemical methods for detecting,
purifying, and characterizing mammary collagen. The purified mammary type IV

collagen, and biochemical methods developed for its quantitative study serve
as a foundation for other projects which study the role of type IV in collagen
in mammary growth and development. Further aims of this project are to study
the role of hormones in the turnover of type IV collagen in normal and neoplas-
tic mammary epithelium of rodent and human origin.

Methods Employed :

Cultured rat mammary ducts and alveolic, cultured rat DMBA induced tumor cells,
specimens of human mammary gland and human breast carcinoma tissue are studied
for the synthesis and turnover of basement membrane type IV collagen. Bio-
chemical methods developed to purify and quantitate this collagen involve
acetic acid extraction, differential salt precipitation, ammonium sulfate
precipitation, DEAE cellulose chromatography, molecular sieve chromatography,
amino acid analysis and polyacrylamide gel electrophresis . Mammary collagen
is further studied in normal and neoplastic tissues by indirect immuno-
fluorescence and immunoperoxidase using purified antibodies to collagen
types I, II, III and IV.

Major Findings :

1) Hormone dependent synthesis of type IV collagen by cultured rat mammary
epithelium.

Alveoli and ducts isolated from virgin rat mammary glands synthesize type
IV collagen in primary culture. Immunofluorescence using antibodies to

collagen type I, III and IV revealed no fluorescence of the epithelial
structures with antibodies to collagen I and III but prominent fluorescence
with antibodies to type IV collagen. Type IV collagen purified from these

cultures has the following biochemical characteristics: a) high ratio of

3-hydroxyproline to 4-hydroxyproline; b) cross reaction with antibodies to

mouse type IV collagen; c) precipitation with 1.7 M NaCl at neutral pH;

d) failure to bind to DEAE cellulose and e) polyacrylamide gel electrophoresis
in which the purified bacterial collagenase-sensitive protein has an apparent

molecular weight of 170,000 after reduction. When the supportive hormones
(insulin, prolactine, hydrocortisone, progesterone and estradiol) are removed

from the cultures, there is a 90% reduction in the amount of ( H)proline
recovered in collagen compared to cultures in which hormonal support is

continued. This 90% decrease labeling coincided with a 30% drop in apparent

growth rate of the cells over the 24 hr period without hormones. This may
result from collagen turnover since pulse chase experiments showed a 90%

decrease of prelabeled collagen during 24 hr following hormonal withdrawal
and this correlated with the appearance of a specific type IV collagenase
activity.
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2) Immunoperoxidase localization of intracellular basement membrane
collagen in human primary and metastatic breast carcinomas.

Monospecific antibodies against type IV collagen were used by the
immunoperoxidase technique to localize type IV collagen in primary and
metastatic breast carcinomas, sarcomas, and lymphomas. In all cases the
primary breast carcinomas (10/10) and the metastastic breast tumors (6/6)
exhibited prominent intracellular and occasional extracellular staining.
Individual tumor cells stained in the subcapsular space of lymph nodes.
Lymphomas and sarcomas (0/12) failed to stain with the same antibodies.
3) Collagen synthesis by cultured DMBA tumors.

DMBA tumor cells synthesize collagens I, III and IV in culture. Collagens
I and III- are synthesized by the fibroblast population which can be separated
from the epithelial cells by gradient centrifugation. The epithelial tumor
cells synthesize exclusively type IV collagen.

Significance to Cancer Research and the Program of the Institute :

1) Purified mammary type IV collagen has been obtained for the first time.
An in vitro model of normal and neoplastic mammary type IV collagen S3mthesis
and turnover has also been developed for the first time. These systems will
be useful for in depth biochemical studies of the differences in the interac-
tion of normal and neoplastic mammary cells with the basement membrane matrix.
2) Immunoperoxidase staining using antibodies to basement membrane
collagen may aid in the identification of the cell of origin for certain
tumors. Furthermore, this method may be of diagnostic use when applied to

lymph node sections containing small groups of cells suspicious for
metastatic breast carcinoma.

Proposed Course of Research :

The future course of this research will involve: a) studies of differences
in the hormone-dependent synthesis of type IV collagen among a variety of
mammary tumors; b) studies of the effect of i^ vivo inhibition of collagen
synthesis by cis-hydroxyproline on the preneoplastic process. These will be
done in collaboration with M. Wicha and B. Vonderhaar; c) immunoperoxidase
studies of collagen in human mammary glands with hyperplasia, sclerosing
adenosis, preneoplastic lesions and carcinoma, and d) purification
characterization of type IV collagen degrading collagenase from normal and
neoplastic mammary glands.

Publications:

1. Liotta, L.A. , Vembu, D., Kleinman, H. , Martin, G.R. and Boone, C:
Collagen required for proliferation of cultured connective tissue cells
but not their transformed counterparts. Nature 622-624, 1978.

2. Wicha, M.S., Liotta, L.A. and Kidwell, W.R. : Effects of free fatty acids
on the growth of normal and neoplastic rat mammary gland epithelium.
Cancer Res. 39: 425-435, 1979.

3. Vembu, D., Liotta, L.A., Paranjpe, M. and Boone, C: Correlation of

tumorigenicity with resistance to growth inhibition by cis-hydroxyproline.
Exp. Cell Res. (In press)

.
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Liotta, L.A., Wicha, M. , Foibart, J.M. , Rennard, S. and Kidwell, W.R.

:

Basement membrane collagen synthesized by mammary epithelium.
J. Cell Biol. 79: 146, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)

In vivo maniTnary ductal and alveolar cells rest on a basement membrane containing

type IV collagen . The objective of this project was to study the role of base-

ment membrane collagen in normal and neoplastic mammary growth . An in vitro

system for the primary culture of normal mammary epithelium and DMBA induced

mammary tumor cells was developed. We have shown that normal mammary epithelium

in culture synthesize basement membrane collagen and that process is under

hormonal control. We now demonstrate that normal mammary epithelium preferen-
tially attaches to basement membrane collagen compared to stromal collagen.

Attachment, spreading and growth of these cells on stromal collagen requires the

synthesis of basement membrane collagen and can be blocked by the proline analog
cis-hydroxyproline. Unlike normal epithelium mammary fibroblasts or tumor cells

show no preferential attachment to any collagen type. Studies were begun to

correlate these in vitro findings with the collagen requirements for growth of

normal mammary epithelium and DMBA induced mammary tumors in vivo .
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Project Description:

Methods Employed : Primary cultures of normal and neoplastic mammary
tissue from Sprague Dawley rats were produced by limited collagenase digestion
and purification on Ficoll gradients. Attachment and growth of these cells on
various collagen substrata was studied. Iri vivo studies were conducted
utilizing cis-hydroxyproline which interferes with normal collagen production.

Major Findings :

1. Normal mammary cells of ducts and alveoli selectively recognize basement
membrane collagen (type IV) as compared to stromal collagen. This is shown by
the fact that a) cell attachment rate is 2-4 fold greater on type IV than on
type I, II or III collagen and b) when de novo collagen production is blocked
by cis-hydroxyproline, ductal and alveoli cells attach and grow on a type IV

collagen substratum but fail to do so on stromal collagen. These results
indicate that normal glandular epithelial growth on stromal collagen requires
that an intervening layer of basement membrane must be formed for cell attach-
ment and growth to occur. In vivo as well as in the culture system, formation
of basement membrane collagen appears to be required for cell growth. Mammary
gland proliferation induced with perphenazine is blocked by cis-hydroxyproline
in vivo .

2. The selective recognition of basement membrane collagen vs. stromal
collagen is lost upon transformation. Unlike normal mammary ductal and alveolar
cells, cells derived from a 7,12-DMBA or N-methylnitrosourea induced mammary
tumor or the established mammary tumor line 64/24 show no preferential
attachment to type IV vs. type I collagen.

Significance to Biomedical Research and the Program of the Institute :

This work may help elucidate the control mechanisms of mammary epithelial cell
growth and may relate to the loss of growth control in transformed cells.

Proposed Course of Research :

1. To define mechanism of selective recognition of basement membrane collagen

by normal mammary cells.

2. To investigate the role of collagen synthesis for normal and tumor growth

in vivo .

3. To complete studies (in collaboration with Dr. Liotta) on the hormonal
regulation of collagen metabolism in the mammary gland.

Publications

:

1. Wicha, M.S., Liotta, L.A. , Garbisa, S. and Kidwell, W.R. Basement

membrane collagen requirements for attachment and growth of mammary
epithelium. Exp. Cell Res. (In press)

.
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LABORATORY OF THEORETICAL BIOLOGY

SUMMARY

October 1, 1978 through September 30, 1979

Sunmary Report

The activities of the Laboratory of Theoretical Biology (LTB) fall into
several broad areas: membrane biophysics, immunology, macromolecular configu-
rations, kinetics of metabolic systems, computational methodology, and theory
related to modeling. Most of the work is theoretical, but experiments are
also carried out in the laboratory. Much of the theoretical work and modeling
is done in collaboration with experimental groups at NIH and elsewhere.

The work on membranes includes several areas of interest: lipid bilayer
systems, vesicle-cell fusion, mechanisms of cell lysis, and diffusion of cell
surface receptors in membranes (R. Blumenthal, J. Weinstein, P. Dragsten,
E. Ralston). This work includes both experimental and theoretical parts.

The studies of directed interaction between liposomes and cells are applicable
to problems in cell biology and to possible uses of liposomes in clinical
therapy. Fluorescence self-quenching of an encapsulated water soluble dye
is used to study transfer of liposome contents to cells, and to monitor the
integrity of the liposomes interacting with cells or serum. The fluorescent
properties of dye-laden vesicles are also used to study specific binding of

haptenated vesicles to cells. Fluorescent techniques used are flow micro-
fluorometry, fluorometry, fluorescence microscopy and fluorescence photo-
bleaching.

In the absence of serijm, small unilamellar vesicles made of fluid - phase
lipids transfer their contents to cells with no significant amount of stable
adsorption to the cell surface. The transfer saturates as a function of

vesicle concentration. When vesicles containing a fluorescently labeled lipid
were incubated with lymphocytes, the label did not spread out over the cell
membrane. A mechanism of transfer is suggested whereby solute passes through
the two closely apposed bilayer membranes of vesicle and cell. Studies of

antibody-mediated targeting were extended to murine myeloma MOPC 315 cells
expressing endogenous surface IgA. Those cells bound liposomes having the
appropriate hapten (DNP) , but binding did not increase delivery to the cyto-
plasm or increase the effect of methotrexate encapsulated in the liposomes.

A novel approach was developed to obtain preferential delivery of liposome-
encapsulated drugs to particular local areas, for example tumors and sites of

infection. Liposomes were designed to release drugs primarily in areas heated
a few degrees above physiological. In the presence of serum the ratio of drug
release at 43° to that at 37° can be made greater than 100:1. The approach
was tested in vivo on mouse Lewis lung and L1210 tumors. In the former, metho-
trexate was incorporated to a four-fold higher level in tumors heated to 42°

than in control tumors; in the latter, the ratio was 14 to 1, and synergism
in the delay of tumor growth was obtained.
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In the studies of mobility of molecules in membranes it was found that surface
immunoglobulins (sig) on lymphocytes have lateral diffusion coefficients char-
acteristic of those found for proteins in cell membranes, 2x10 cm /sec, with
fifty to ninety percent of the detectable sIg free to move. A relationship
was found between immobilization of sIg with anti-lg antibodies, and capping
of sIg.

The development and application of mathematical techniques for describing
receptor clustering on the plasma membrane continued (C. DeLisi) . The results
were incorporated into a theory of the response of sensitized basophils and
mast cells which were proposed to explain, in terms of the physical chemistry
of cell surface events, the biochemical pathway (histamine release, specific
desensitization, non specific desensitization) selected by the cell. Aside
from predicting the parameters of importance in the control of this choice,
the theory also provides an explanation for the wide range of qualitative
differences observed in dose response curves. The work is in collaboration
with R. Siraganian, NIDR.

Experimental applications of cell surface events were extended to analysis of
the kinetics of insulin binding to lymphocytes (DeLisi and Chabay) and IgG
complexes interacting with Fc receptors on macrophages (DeLisi, Dowd, Segal).

Collaboration continued with Z. Grossman (Weizmann Institute) and R. Asofsky
(NIAID) on modeling certain aspects of systemic regulation of the immune
response. The model is intended primarily for T-independent antigens, but a

number of regulatory features are expected to be general. Several predictions,
including oscillations in antibody affinity, are now being tested experimen-
tally.

Stabilities of macromolecular conformations are determined from interatomic
interactions; these can be classified in terms of the distances between inter-
acting centers, as being short range, medium range or long range. The relative
importance of these types of interactions in proteins are being assessed (R.

Jernigan and S. Miyazawa) . The short and medium range interactions alone
determine most of the regular secondary structures such as a-helices and B-
strands. A redundance of interactions appears to provide stability to these
regions such that many native conformations can be maintained throughout a wide
variety of environments. Effects of long range interactions are more difficult
to evaluate. Do they significantly perturb the conformations determined solely
by short and medium range interactions?

Evaluation of interatomic interactions directly yields relative probabilities
of various conformations. It is necessary to select best sets of conforma-
tions; several selection schemes have been developed and evaluated. Such
methods yield a quantitative assessment of the relative stabilities of protein
fragments. This information permits indication of possible effects of external
small molecules, sequence mutations and species variations. A model of protein
renaturation has been proposed; regions of high conformational stability are
taken as structure nucleating sites.
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Modeling of endocrine systems has continued with emphasis on lipoproteins and

the glucose-insulin system (Berman, Foster). The lipoprotein model has been

fully resolved to include an extra stage of metabolism of low density lipo-

protein (LDL) to account for the delipidation of triglycerides (TG) and a slow

synthesis pathway of very low density lipoprotein (VLDL). The study of

perturbations have served to validate the model and to identify modes of

action of drugs. For example, it appears that nicotinic acid decreases the

rate of synthesis of triglycerides by either synthesizing smaller particles

and/or reducing the number of particles synthesized. The production of

smaller particles results in an increase in the VLDL-TG fractional catabolic

rate which is frequently erroneously interpreted as an increase in hydrolysis

of VLDL-TG. Experiments have been designed to test these new findings and

their implications. This work is done in collaboration with Drs. L. Zech

(NHLBI) and S. Grundy of the VA Hospital in La Jolla, CA.

The major work in the glucose-insulin system revolved about the mechanisms of

insulin binding to and activation of its receptors both in-vitro and in-vivo.

The rabbit insulin model which we developed has raised interesting questions

as to the faith of insulin on receptors (partial degradation and internaliza-

tion). New experiments have been proposed and carried out (with Drs. J. Roth

and E.A. McGuire, NIAMDD) to validate the findings and to study the relation-

ships between high affinity (pork), low affinity (guinea pigs) insulins and

proinsulin. Analysis of these data for the rabbits and humans are now in

progress.

A kinetic model for zinc metabolism in man has also been proposed^(Fos ter, ,„

Babcock). These are based on short and long-term studies using Zn and Zn

in 17 patients. The effects of zinc loading and steroid treatment have also

been considered in the modeling, identifying thereby sites of non-linearties

in the absorption, excretion and uptake of pathways for zinc. Studies of a

normal control population is presently in progress. This work is done in

collaboration with Dr. R. Henki n of Georgetown University.

A major effort was made this year to extend the power of our conversational

SAAM program. New capabilities have been added to make the system more inter-

active and responsive to the user, and 'intelligent' graphics software has

been implemented (Boston, Greif). This system is now operational on the DEC

PDPIO and UNIVAC 1108 computers.
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Continuing development of a computer system (SAAM) for the simulation,
analysis and modeling of bio-kinetic systems . Further development of a
conversational mode of operation, increased versatility of applications and
automation in modeling are in progress.
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Project Description

Objectives : To develop a general purpose computer program for modeling bio-

kinetic systems that may readily be used by investigators not sophisticated

in mathematics or programming. Initiated in 1959, the program continues to

be expanded and revised as new features are added.

Major Findings ; Major improvements have been incorporated in conversational

SAAM. The capability to store and retrieve prior solutions has been developed.

An editor for updating input decks was written and tested (Boston) . The

graphics capabilities have been greatly expanded (Greif )

.

Significance to Biomedical Research and the Program of the Institute : The

SAAM computer program has been a most essential tool in the modeling of var-

ious systems described elsewhere in this Laboratory report. Its wide use in

other centers in the United States and elsewhere is further evidence of its

value in biomedical research.

Publications :

Herman, M. : A deconvolution scheme. Math. Biosci . 40 : 319-323, 1978.

Berman, M. : Simulation, Data Analysis and Modeling with the SAAM Computer

Program. In Patil, G.P. (ed.) Proceedings of Satellite Program in Statistical

Ecology, Fairland, MD, Internat'l. Co-operative Publishing House. In press.
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Analysis of various kinetic and metabolic systems by the use of mathemati-
cal models carried out with other investigators. These include mostly zinc
metabolism in man and iodine kinetics in the dog ,
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Project Description:

Objectives : Analysis of data on metabolic systems, and further development

of modeling theory and techniques through the applications of the SAAM compu-

ter program.

Major Findings : A model for zinc metabolism in man has been developed that

accounts for its kinetics over short time intervals (5 days) (Foster) and up

to a year (Babcock) . The model permits the calculation of the distribution of

Zn in liver, red cells and other tissues, its absorption through the GI track

(-40%) and liver extraction efficiency (-67% per passage) . Effect of Zn load-

ing on the kinetics has also been studied and sites of non-linearity proposed.

An extensive study involving normals is now in progress (Henkin, Aamodt)

.

The model for iodine kinetics in dogs (Belshaw) has been extented to var-

ious iodine intakes ranging from 20 to 450 mg/day. This permitted to correlate

intra-thyroidal kinetic parameters changes with observed changes in the path-

ology of the thyroid follicles. Specifically, the different kinetic phases

correlated with different follicle populations.

Significance to Biomedical Research and the Program of the Institute : The

methodology of modeling is most essential for studying the behavior of complex

systems for both normal and abnormal states.

Proposed Course ; This is a continuing process for the development of theory

for and the application of modeling techniques.

Publications :

Babcock, A.K., Garvey, T.O., Ill, and Barman, M. : A mathematical model for

membrane transport of amino acid and Na in vesicles. J. Biol. Chem . In press,

Foster, D.M., Aamodt, R.L., Henkin, R.I. and Berman, M. : Zinc metabolism in

humans: A kinetic model. Am. J^. Physiology . In press.

22 +
Garvey, T.O., III, and Babcock, A.K. : Amino acid and Na uptake in membrane

vesicles from confluent simian virus 40 transformed Balb/c3T3 and Balb/c3T3.

J. Biol. Chem . In press.
""

'

Burkhardt, A.E., Berman, M. , Haeberli, A., and Rail, J.E.: Synthesis of

polypeptide chains of thyroglobulin. J. Biol. Chem . 254: 1476-1483, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

Lipid bilayer membranes are used to study various aspects af membrane
structure and function. Electrical properties of bimolecular lipid membranes
( BLM' s) are measured to study: (1) mechanisms of opening and closing ion chan-
nels (2) properties of ionophores isolated from natural cell membranes; (3)

mechanisms of control and movement of cell membrane components. Diffusion and
patching of fluorescent surface receptors on BLM's and on cell surfaces are
studied by the technique of fluorescence photobleaching recovery: a small spot
on the fluorescent-labled surface is photolytically bleached by brief exposure
to an intense laser beam, and subsequent recovery of the fluorescence is moni-
tored. Fluidity of the membrane is assessed by measuring fluorescence depolari-
zation with the fluorescent probe 1, 6-diphenyl-l,3,5 hexatriene (DPH) . The meas'
urements are made to study the relationship between movement of cell surface
receptors and cellular activation.

354
PHS-6040
fReu. 10-76^



Project No. ZOl CB 08303-07 LTB

Project Description:

Objectives : To study the physical mechanisms of ion transport in reconstituted
membranes. To develop the lipid bilayer membrane as an assay for ionophoric

materials isolated from natural cell membranes. To study the role played in

cell membranes by the mobility and distribution of cell surface antigens. To

study the relationship between membrane fluidity and the action of cell surface

receptors.

Methods Employed ; The bilayer membranes are formed from natural membrane ex-

tracts, oxidized cholesterol, or pure lipids in an aperture between two elec-

trolyte solutions. The electrical properties of the membranes are measured
before and after application of an activating factor. In the fluorescence
photobleaching experiments a small spot on the fluorescence-labeled cell sur-

face is photolytically bleached by brief exposure to an intense laser beam,

and subsequent recovery of fluorescence is monitored with an attenuated laser

beam. In the fluidity studies membranes are labeled with DPH and fluorescence

depolarization is measured using an Aminco-Bowman spectrofluorometer equipped

with Glan prism polarizers.

Major Findings : (1) Fifty to ninety percent of the detectable surface immuno-

globulin (sig) and Thy-1 antigen are free to move in the plasma membrane of

mouse lymphocytes, with diffusion constants of -3x10"-'-^ cm^/sec. The remaining

is immobile. (2) Cross-linking sIg with anti-Ig antibodies in the presence of

azide to inhibit capping completely immobilized sIg at high concentrations. In

parallel labelings in the absence of azide, capping of sIg was observed only

under cross-linking conditions sufficient to immobilize the membrane antigen.

(3) The probe had a diffusion constant of -2x10"^ cm /secwith essentially all

the probe mobile in the membrane. Diffusion was not affected by the presence

of microvilli but it was slightly restricted in capped regions. No differences

in lipid probe mobility were found between T and B cells. (4) Metabolic inhib-

itors and cytoskeleton-disrupting agents did not affect lateral mobility of

membrane components. (5) No differences in mobility of wheat germ agglutinin

bound to cell surfaces were found between melanoma cell lines of high and low

metastatic potential. (6) Monocytes treated with chemotactic tripeptides showed

no differences in fluidity (measured by fluorescence polarization) . (7) Small

changes in lipid probe mobility were found in macrophages as a function of time

in culture and presence of macrophage activators. (8) Dyes 'whicTi affect membrane

excitability did not alter lipid probe mobility. (9) Lipid mobility increased

40% after 4 hours upon stimulation of human lymphocytes with Con A at 20 hours

lipid mobility had returned to that of the resting cells. (11) Our previous beam

size measurement was confirmed by an independent method which used analysis of

the beam image on a TV monitor.

Significance for Biomedical Research and the Program of the Institute .

Changes in membrane fluidity and cell surface mobility are considered to have

important implications for cell transformation and for many aspects of the phys-

iology of normal and tumor cells. This work supports Objectives 3 and 6 of

the National Cancer Plan.
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Proposed Course : The ELM will continue to be used as an assay for ionophores
from natural membranes. The photobleaching technique will be applied both to

surface receptors incorporated into planar bilayers and to mobility of cell
surface receptors for lectins, immunoglobulins, and transplantation antigens.
We hope to measure effects of lipid composition, cytoskeletal components and
membrane topography on the movement of membrane lipids and proteins. We also
plan to determine effects of temperature, saturated and unsaturated fatty acids,
calcium, local anaesthetics and cytoskeleton disrupters. We also plan to invest-
igate the effect of the size of the carbohydrate moiety on ganglioside mobility.
Fluorescence depolarization will be used to measure the fluidity of membrane
preparations from mice fed with diets deficient in essential fatty acids. The
results will be correlated with function of surface receptors. We plan to

measure membrane potentials in single cells using fluorescent probes.

Publications ;

Blumenthal, R. and Shamoo, A.E.: Incorporation of transport molecules into
black lipid membranes. In O'Brien, R.D. (Ed.): The Receptors. A Comprehen-
sive Treatise . New York, Plenum, 1979, pp 215-245.

Kafka, M.S., Blumenthal, R, Walker, G.A. and Pollard, H.B. The effect of

dopamine-B-hydrocylase on the electrical conductance of bimolecular lipid mem-
branes. Membrane Biochemistry . 1: 279-295, 1978.

Dragsten, P.: A correlation between immobilisation and capping of surface anti-
gens in lymphocytes. In DeLisi, C, Blumenthal, R. (Eds.): Physical-Chemical
Aspects of Cell Surface Events in Cellular Regulation . Elsevier, N.Y., 1979,

pp. 167-171.

Blumenthal, R. : Molecular interactions in cell membranes. In DeLisi, C.

Blumenthal, R. (Eds.). Physical-Chemical Aspects of Cell Surface Events in

Cellular Regulation . Elsevier, N.Y. 1979, pp. 3-7.

Dragsten, P. and Webb, W.E. : Mechanisms of the membrane potential sensitivity
of the fluorescent membrane probe merocyanine 540. Biochemistry . 17: 5228-
5240, 1978.

356



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 08306-07 LTB

PERIOD COVERED

>^ohpr 1 , 1Q78 tn ?;ppf-PTnhPr 30, iqyq
TITLE OF PROJECT (80 characters or less)

Kinetic Modeling of Human Plasma Lipoprotein Metabolism

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: M. Herman, Ph.D.

OTHERS: L. Zech, M.D.

D. Foster, Ph.D.

C. Schwartz, M.D.

L-. Swell, Ph.D.

S. Grimdy, M.D.
D. Steinberg, M.D.

C. Malmendier, M.D.

W. Fisher, M.D.
W. Hazzard, M.D.

Acting Chief LTB NCI

Research Associate MDB NHLBI

Staff Fellow LTB NCI

Veterans Administration, Richmond, VA

Veterans Administration, Richmond, VA

Veterans Administration, San Diegq CA

UCSD, School of Med. San Diego, CA

Univ. of Brussels, Belgium
Univ. of Florida, GaiiEsville, FA

Univ. of Washington, Seattle, WA

COOPERATING UNITS (if any)

Molecular Disease Branch, NHLBI, NIH; VA Hospital, Richmond, VA; VA Hospital,
^n Diego, CA; UCSD School of Medicine, Univ. of Fla. ; Univ. Wash.; Univ. Brussels

lab/branch

Laboratory of Theoretical Biology
sectTon

Mathematical Biology Section
NSTITUTE AND LOCATION

NCI. NIH, Bethesda, Maryland 20205
TOTAL MANYEARS:

2.5

PROFESSIONAL;

2.5

OTHER:

CHECK APPROPRIATE BOX(ES)

S (a) HUMAN SUBJECTS

(al) MINORS (a2) INTERVIEWS

n (b) HUMAN TISSUES n (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

Kinetic models of plasma apoproteins , cholesterol and triglyceride are

being constructed based on data from experiments in man . The models are used

to integrate plasma lipoprotein interactions with enzymes and receptors and

to provide a better understanding of plasma lipoprotein synthesis and metabo-

lism in health and disease. The models are particularly useful for the

rigorous testing of hypothesis, the design of experiments, and the quantifi-

cation of the effects of various perturbations.
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Project Description:

Objectives : To develop a qualitative and quantitative understanding of lipo-
proteins metabolism in man and to identify abnormalities and drug effects
through the modeling of apoprotein, cholesterol, and triglyceride kinetics.
Because of the need for diverse extensive data on a variety of patients,
collaboration with several experimental groups is maintained.

Methods Employed ; Mathematical modeling is the tool used for the integration
and analysis of the data. This is performed with the help of the SAAM compu-
ter modeling program.

Major Findings : Pathways for the synthesis and degradation of VLDL-triglycerides
have been further defined and validated through the studies of abnormal states
in man. In particular, nicotinic acid seems to reduce the rate of synthesis
of triglycerides either by reducing the size of VLDL particles produced or their
number of particles. In 'conventional' VLDL kinetic analyses these may be mis-
interpreted as changes in rate of hydrolysis, (Grundy, Zech)

.

A model for the hydrolysis of chylomicrons has been generated from data
published by Scow and Olivecrona. It shows that there exists, at higher con-
centrations of lipase, a rapid hydrolysis path from triacylglycerol to mono-
acylglycerol. In addition, quantitative relations have been derived for the
rates of hydrolysis along the various pathways as a function of lipase activity
and free fatty acid concentrations. The role of albumin as an acceptor of free
fatty acids and monoacylglycerol has also been elucidated. (Foster).

New studies of the kinetics of apoprotein B in individuals with polydis-
perse LDL support most of the features of our original model. In addition,
finer structure was identified in direct synthesis pathways of small VLDL and
IDL particles. It was shown that a considerable fraction of the apoB synthe-
sized is degraded while in the IDL region and does not contribute to apoB in
the LDL range (Fisher, Zech)

.

Significance to Biomedical Research and the Program of the Institute : Model-
ing is important to identify the abnormalities in metabolism responsible in
hyperlipemics, diabetics, and other metabolic disorders, given a very compli-
cated system with multiple interactions. It is hoped that. by identifying
the mechanisms responsible for abnormalities in lipid metabolism and their
relations with intermediate metabolism, appropriate treatment can be more
specifically geared to abnormalities. Clinically this is relavant to athero-
sclerosis and disorders associated with athersclorsis such as cardiovascular
disease, diabetes, cachexia, and other metabolic disorders involving lipids.

Publications :

Berman, M. : Kinetic Analysis of Turnover Data. In Eisenberg, S. (Ed.):
Progress in Biochemical Pharmacology 'Lipoprotein Metabolism' . Basel,
S. Karger AG Publishers. 1979.
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Publications ; (cont'd)

Grundy, S.M., Mok, H.Y.I. , Zech, L., Steinberg, D., and Herman, M. : Transport

of very low density lipoprotein triglycerides in varying degrees of obesity

and h3^ertriglyceridemia. J. Clin. Invest. 63: 1274-1283, 1979.

Malmendier, C.L., and Herman, M. : Endogenously labeled low density lipoprotein

triglyceride and apoprotein H kinetics. J. Lipid Res . 19: 978-984, 1978.

Schaefer, E.J., Foster, D.M., Jenkins, L.L., Lindgren, F.T., Brewer, Jr., H.B.,

Berman, M., and Levy, R.I.: The composition and metabolism of high density

lipoprotein subtractions. Lipids . 14: 511-522, 1979.

Zech, L.A., Grundy, S.M., Steinberg, D., and Berman, M. : Kinetic model for

production and metabolism of very low density lipoprotein triglycerides.

J. Clin. Invest. 63: 1262-1273, 1979.

359



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAHURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 08317-05 LTB

PERIOD COVERED

October 1, 1978 to September 30, 1979

TITLE OF PROJECT (30 characters or less)

Conformational Transitions in Polypeptides and DNA

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: Robert L. Jernigan, Ph.D. Theoretical Physical Chemist LTB NCI

COOPERATING UNITS (if any)

None

lab/branch
Laboratory of Theoretical Biology

SECTION
Mathematical Biology Section

INSTITUTE AND LOCATION
NCI, NIH, Bethesda, Maryland 20205

TOTAL MANYEARS:

0.2
PROFESSIONAL:

0.2

check APPROPRIATE BOX(£S)

D (a) HUMAN SUBJECTS

D (al) MINORS n (a2) INTERVIEWS

(b) HUMAN TISSUES 3 (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

The purpose is to elicit molecular details of conformalrional kinetics in

polypeptides and DNA . An eventual aim is to understand the mechanisms and path-
ways of DNA double helix formation, of protein folding, and of their denatur-
ation and renaturation . A mathematical model of the rates for passing between
the various conf igurational states was previously formulated. Molecular states
are specified for each residue as one of a small number of conformations. A
comprehensive series of experiments on viral DNA indicated that the denaturation
rates depend strictly upon the instantaneous conformational state; whereas, the
rates of renaturation depended only upon initial and final conditions. The
simplest theoretical model yields qualitative agreement with the denaturation
experiments and the series of renaturation experiments from the same initial con-

dition. Partial agreement with the group of renaturation experiments with the
same final condition is achieved only by including a bimolecular helix initiatior
step with properly matched pairs of strands. Comparison of all experimental and

calculated rates yields 5x10 min as the approximate step rate for melting
a single base pair.
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Project Description:

Objectives : To determine the molecular details of conformational kinetics in

macromolecules. An eventual aim is to understand the mechanisms and pathways
of protein and DNA denaturation and renaturation kinetics.

Methods Employed : A mathematical model of the rates for passing between the

various configurational states has been formulated. Molecular states are

specified for each residue or base pair as one of a small number of conforma-
tions. Averages are performed over all possible conformations.

Major Findings : This model, which has been applied to homologous polypeptides,
has also been extended to treat conformational relaxation in deoxyribonucleic
acids. A major reason for this extension is the possibility of making direct
comparisons with the comprehensive series of experiments on viral DNA's by

Record and Zimm. Effects of perturbation direction and size were calculated;
strong dependences were observed, mostly in agreement with corresponding
experiments. Also investigated were the effects of including a bimolecular
reaction for the formation of a first DNA helix unit and of proper alignment
of the pair of strands.

Significance to Biomedical Research and the Program of the Institute : A basic
understanding of denaturation and renaturation of DNA and of proteins is es-
sential for understanding cellular processes on a molecular basis. For

example, such comprehension is necessary before detailed effects of external
chemical agents can be determined.

Proposed Course : No single model above has been adequate to achieve agreement
with all DNA kinetic experiments. We will attempt to construct simple models
consistent with all data by utilizing the modeling computer program SAAM. Such

fundamental models could be useful to suggest the form of more detailed molec-
ular models. A treatment of the conformational kinetics of the renaturation
of the protein trypsin inhibitor will be attempted. Some experimental informa-

tion is available about the intermediate conformations during the folding of

this molecule.

Publications :

Szu, S.C, and Jernigan, R.L. : DNA conformational kinetics. Biopolymers .

18: 83-100, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

A new method has been developed to choose probable protein secondary
conformations. Direct interatomic interaction energies are calculated to yield
probabilities of various conformers . The side chain atoms are taken at fixed
positions relative to the polypeptide backbone. Charges are assigned, for
ionized groups, from pK values, and, for atoms in polar bonds, from small
Tiolecule dipole moments. Approximate energies of all possible a-helix and 6-

strand segments are calculated. Several methods of selecting conformations have
been investigated. In the most successful method, non-overlapping secondary
regions are chosen sequentially; those with the most favorable energies are
selected first. A more rigorous method has been developed; the total energy
3f the molecule is minimized. Here the total energy is approximated as the
3um of the energies of regular secondary structure regions. The two methods
^ield approximately the same predicted secondary conformations.
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Project Description:

Objectives : To develop methods adequate to determine the most significant mo-

lecular conformations. We wish to predict protein conformations from the sequen-

ces and to determine the relative importances of the various intramolecular

interactions. In particular, we wish to determine intrinsic secondary structure

probabilities as well as the effects of tertiary interactions upon secondary

structures.

Methods Employed : A new method has been developed to calculate relative prob-

abilities of secondary structure regions at all sites within a protein. Side

chain atoms are taken at fixed positions, as determined by their average posi-

tions from X-ray crystallographic studies. Approximations of the interatomic

interaction energies yield probabilities of secondary conformations. Several

methods were devised to choose from the large number of possible combinations

of regular secondary structures.

Major Findings : Side chain-backbone electrostatic interactions are relatively

insensitive to the approximation of fixed side chain positions. Calculated

side chain - side chain interactions are more sensitive to this approximation,

but the importance of side chain - side chain interactions is reduced by side

chain flexibility, tertiary interactions and the intervention of solvent mol-

ecules. Three methods of selecting the most favorable set of secondary con-

formations were compared: 1) choosing the set of conformations with the lowest

total energy, 2) calculating, for each residue, relative a-helix and 6-strand

probabilities by summing over probabilities of all secondary regions spanning

a given residue, and 3) selecting the lowest energy form and picking successive

regions of low energy which do not overlap previously chosen regions. Best

results are achieved with the last method. Predictions are 60 to 90% correct,

in comparisons with known crystal structures. Incorrect predictions may arise

either from neglect of tertiary interactions or from incorrect energies. Best

predictions are achieved for helix and in molecules with relatively long reg-

ular helices and 6-strands.

Significance to Biomedical Research and the Program of the Institute : Devel-

opment of a reliable method for predicting protein conformations from their

sequences would permit a better understanding of protein structure and function,

as well as the effects of mutants and species variations. .. -^

Proposed Course : Further evaluation and refinement of the methods and asso-

ciated parameters will be pursued. These methods will be applied to other mol-

ecules. Tertiary interactions will be included in the calculations; a rigorous

energy minimization by the previous method is not then possible. Now the effects

of the renaturation pathway on the minimum energy conformation must be investi-

gated.
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Publications ;

Bourgeois, S., Jernigan, R.L. , Szu, S.C., Kabat, E.A. and Wu, T.T.: Composite
Predictions of Secondary Structures of lac Repressor. Biopolymers , in press.

Jernigan, R.L. and Szu, S,C.: Conformational Energy Minimization in the
Approximation of Limited Range Interactions. Macromolecules , in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

A method was developed for relating the amount of histamine _.released at low

doses of antigen to the number of crosslinked receptors on the basophil plasma

membrane. The method was applied to AgE, con A and a IgE mediated histamine

release from human basophils.
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Project Descriptions:

Objectives : To develop an understanding of the relationship between the ther-
modynamics and kinetics of ligand cell-bound receptor interactions, and the
requirements for lymphocyte activation.

Methods Employed : Mathematical modeling

Major Findings : A method was developed for determining from the analysis of
the low dose response, the number of allergen molecules required to induce
release of histamine from basophil compartments. The method was applied to
Antigen E, con A and anti IgE induced release from human basophils in the
presence and absence of heavy water. The results indicate that a threshold
in the number of crosslinked allergens must be met before any histamine can
be released. The average numbers were four per compartment for con A and AgE,
and ten per compartment for anti IgE. The analysis also suggests that there
are fewer than ten compartments per cell.

Histamine release in the presence of heavy water begins at an allergen
concentration which is an order of magnitude smaller than in ordinary buffer.
Transformation and analysis of the data, however, indicates no difference in
the number of active antigens required to induce release, suggesting that
heavy water affects the efficiency of signal transduction.

Proposed Course : The magnitude of the threshold is predicted to be a function
of antigen valence. Future experiments will involve penicylloyl derivatives
of various valences in order to study the valence dependence of the threshold
for activation. More generally, methods will be developed for analyzing low
dose data in order to sort out the parameters which determine the minimal
requirements for histamine release.

Significance to Biomedical Research and the Program of the Institute : The
problem of determining and quantitating the parameters which effect the
initial states of signal transduction in basophils, is an important aspect of

the attempt to understand the nature of the immediate allergic reaction. More
generally, however, the basophil system may serve as a model from which to

build a deeper understanding of the relation between the binding of ligand to

cell surface receptors and subsequent biochemical events and factors which
regulate them.
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Extensions and applications of a mathematical model of ' the hemolytic

plaque assay.
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Project Description:

Objectives : To develop the plaque technique as a method for obtaining kinetic
and thermodynamic information on antigen antibody reactions at a single cell
level.

Methods Employed : Mathematical models; mathematical analyses of data.

Major Findings : Work by Doria in Italy tested and confirmed two more predictions
of the theory. The model was also applied to show that after secretion rate
effects are substracted out, the affinity of anti-TNP IgM increases during an
immune response. We also monitored secretion rate by this method for the first
time and found that it decreased then increased with time after immunization.

The model was also extended in collabration with G. Siskind in New York
to account for an increased number of plaques (overshoot) in the incubation
assay. The increase is attribu'ted to anti idiotypic antibodies which are present
prior to inhibition and therefore suppressing secretion.

Significance to Biomedical Research and the Program of the Institute : The work
is intimately related to the project on B cell regulation. It makes possible a

method for studying cellular selection. It also provides a potentially new and
valuable method for quantitating under appropriate conditions the anti idiotypic
antibody response.
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A dispute in the analysis of data rel;ative to sugar transport in human

red blood cells between Foster and Jacquez, and Lieb and Stein was resolved.
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Project Description:

Objectives : To resolve a dispute between two theoretical groups on the analysis
of data pertaining to the asymmetric carrier model for sugar transport. This
dispute resulted in confusion in the field in that certain conclusions reached
were open to serious question.

Major Findings :

dated.
The dispute was resolved, and the experimental findings vali-

Proposed Course : None

Publications:

Foster, D.M. , Jacquez, J. A., Lieb, W.R. and Stein, W.D.: A High Affinity Site
for Sugar Transport at the Inner Face of the Human Red Cell Membrane? (Biomem-
branes , BBA Report), in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

Kinetic models of the glucose regulatory systems are being developed for

man and other animals in collarboration with several experimental groups.

These include models of the distribution, metabolism and receptor binding of

insulin using data both radioiodinated and native insulin models of the pro-

duction and utilization of glucose as elucidated by tracer studies with
labeled glucose alanine and lactate, and models of the role of insulin in the

control of glucose utilization and production . The models are being used to
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Project Description:

Objectives : To develop a qualitative and quantitative understanding of glucose
homeostasis including the role which various hormones insulin plays in the pro-
duction and utilization of glucose and the role which glucose plays in the
secretion of insulin in normal and perturbed metabolic states.

Major Findings : Analysis of glucose-insulin kinetic in normal and diabetic
individuals using our previous published model (Insel et al, 1975) shows that
kinetically there our three independent parameters that contribute to a diabetic
glucose tolerance curve: sensitivity of glucose utilization to insulin, sensi-
tivity of insulin secretion to glucose and the sensitivity of glucose produc-
tion to insulin. Changes in these parameters individually or in combination
can contribute to the diabetic glucose response curve.

Significance to Biomedical Research and the Program of the Institute : Carefully
tested models provide predictions as to how a complicated regulatory system
will respond to a given perturbation. The clinically or experimentally
observed responses seen in various altered metabolic states can thus be
analyzed using such models to gain insight into the basic perturbations which
have occurred in these states. Obesity, diabetes, aging and the cachexia of
advanced cancer are examples of metabolic conditions in which glucose homeo-
stasis is perturbed and can thus be better understood by use of these models.

Proposed Course : 1) To study the regulatory behavior of the glucose-insulin
system in an attempt to identify the primary perturbations in the obese,
diabetic and aged subjects for which data are available. 2) To extend the
insulin model to account for differences between studies using radioiodinated
and native insulin, and to include new information on the binding and degrada-
tion of insulin. 3) To study the biological effects of insulin action.

Publication :

McGuire, E.A., Tobin, J.D., Berman, M., and Andres, R. : Kinetic of native
insulin in diabetic, obese and aged men. Diabetes, 28: 110-120, 1979.
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The plaque assay was used to monitor the d3mamics of antibody secreting
':ell production to LPS in a variety of mouse strains, and under various per-

:urbations.
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Project Description:

Objectives : To develop an understanding of the role and relative contributions
of the factors which are believed to regulate the B-cell response to T-inde-

pendent antigens.

Methods Employed ; Plaque assay; mathematical modeling.

Major Findings : The antibody response to LPS oscillates with a 4 day period

and damps out abruptly at day 21. Challenge with a small dose near the trough

of any oscillation, obliterates the subsequent oscillation.

Significance to Biomedical Research and the Program of the Institute : The

presence of oscillations and their characteristics when the system is perturbed

have implications for fundamental processes involving regulation of the immune

response. In the present case we were able to demonstrate that a mathematical

model in which the metabolism rate of antigen and antibody were key ingredients

as well as forward and reverse rate constants, could account for the oscillations,

Proposed Course : Different T-independent antigens will be tried to assess the

generality of these results. The experiments will be repeated with nude mice

to determine whether the lack of T-cells effects oscillations. The presence

or absence of anti idiotypic antibodies in nude mice will also be determined.

Publications :

Grossman, Z., Asofsky, R. , and DeLisi, C: The dynamics of antibody secreting

cell production I. Regulation of oscillations in the response to T-independent

antigens. Math . Biosci . , in press.

Grossman, A., Hiemaux, J., Asofsky, R. and DeLisi, C: Speculations on Some

Fundamental Aspects of the Regulation of the Quantity and Affinity of Antibody

Produced During an Immune Response. In Bruni, C. (Ed.): Proceedings of the

Conference on Systems Theory in Immunology . New York, Springer-Verlag, 1979,

in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

Lipid bilayer vesicles containing a high concentration of the fluorescent

dye carboxyfluorescein are used to study mechanisms of interaction between

liposomes and cells. Self-quenching largely prevents the dye from fluorescing

as long as it remains trapped at high concentration in vesicles. Relief of

self-quenching as the dye is released into the much larger volume of the cell

is a measure of transfer of liposome contents to the cell. Transfer into the

cell is distinguished from stable adsorption onto the cell surface by fluores-

cence microscopy, fluorometry, and flow microfluorometry. Vesicles made of

fluid-phase neutral lipids, transfer their contents to cells, with no significant;

amount of stable adsorption to the cell surface. The transfer of contents of

small unilamellar vesicles saturates as a function of vesicle concentration. A

mechanism of transfer is suggested whereby the solute passes through the two

closely apposed bilayer membranes of vesicle and cell.
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Project Description:

Objectives : To study the physical mechanisms of interaction of liposomes with
cells as a probe for membrane structure and function and as a model for membrane-
membrane interaction in biological systems. To develop fluorescent techniques
for studying vesicles cell interactions, with the possibility of designing
liposomes as vehicles for delivering drugs and other materials to cells.

Methods Employed : Single-bilayer vesicles containing different amounts of
carboxyf luorescein are formed by sonication from dioleoyl phosphatidyl choline
(DOPC) or other phospholipids. After filtration through a millipore filter,
free dye is removed on a Sephadex G-50 column. At high concentrations (100 mM-
200mM) fluorescence of carboxyfluorescein is self-quenched. Relief of self-
quenching when the dye is diluted from vesicles into the medium is a measure
of leakage of dye from vesicles. The vesicles are incubated with cells, and
the resulting fluorescence is observed by microscopy, by fluorometry, and by
use of the fluorescence-activated cell sorter. To study the nature of the
interaction of the lipid moiety of vesicles with the cells the fluorescent
lipid analogues dioctadecyl indocarbocyanine iodide; N-4-nitrobenzene-2-oxa-
1,2-diazole phosphatidyl ethanolamine and - phosphatidylcholine are used, or
the haptenated lipids dinitrophenyl and dinitrophenylcaproyl phosphatidylethan-
olanine together with fluorescent anti-TNP antibodies. Simultaneous uptake of
lipid and solute is studied using C labeled dipalmitoyl phosphatidylcholine
in vesicles containing tritium-labelled sucrose or inulin together with
carboxyfluorescein

.

Major Findings : (1) Saturable transfer of the contents of small unilamellar
DOPC vesicles was found with human red blood cell ghosts and a lymphoid (P388)
cell line. (2) Saturable transfer was interpreted in terms of a two-step pro-
cess in which vesicles bind reversibly to sites on the cell surface, and the
contents are then transferred into the cell from the vesicle-site complex.
Studies with empty vesicles showed that the binding step was reversible. (3)

Markers for the aqueous compartment of lipid vesicles (such as sucrose and
inulin) were transferred commensurately with carboxyf luorescein. Radiolabelled
lipid was however, taken up about five times faster in the P388 cells and two
times faster in red cell ghosts. (4) When cells were incubated with fluores-
cently labeled lipid vesicles, nearly all the fluorescence was seen as punctate
stain on the cell surface and little or no staining appeared inside the cell.
Uptake of free CF was not commensurate with uptake of free' inulin or free
dextran. Metabolic inhibitors had only a small (25%) effect on transfer.
These observations mitigate against endocytosis as the mechanism of transfer.
(5) When lipid vesicle containing a fluorescent lipid probe were incubated with
cells, the label did not spread out over the cell membrane, and there was no
recovery after photobleaching. This observation mitigates against fusion as

the mechanism of transfer. (6) A model of transfer in which lipid vesicle
contents leak at the cell surface and are subsequently taken into the cell was
ruled out by calculations showing that this mode of entry would be far too low
to account for vesicle-mediated transfer. (7) We proposed a model in which
transfer occurs by direct passage of vesicle contents across two closely apposed
membranes of vesicle and cell. (8) Treatments of cells with octanol or unsatu-
rated fatty acids, which tends to fluidize their plasma membranes, enhanced
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transfer of CF from vesicles into red cell ghosts. The vesicles were rendered
more leaky by those agents, but correction for those effects did contribute to

a significant difference in liposome-mediated transfer. (9) T^en lipid
vesicles containing high concentrations of EDTA or EGTA where incubated with
mast cells, antigen-mediated release of histamine was inhibited. This indicated
vesicle-mediated entry of EDTA or EGTA into the cell, thereby chelating intra-
cellular calcium, the putative trigger for exocytosis. (10) The distribution
of a mixed population of small unilamellar vesicles and (larger) multilammelar
vesicles can rapidly be assessed using thin layer chromatography made with
agarose.

Significance for Biomedical Research and the Program of the Institute . The
vesicle-lymphocyte experiments have a direct bearing upon attempts to develop
drug-loaded vesicles targeted for specific tumor cells. This work supports
Objectives 3 and 6 of the National Cancer Plan.

Publications :

Weinstein, J.N., Blumenthal, R. , Sharrow, S.O., and Henkart, P. A.: Antibody-
mediated targeting of liposomes. Biochim. Biophys. Acta , 509: 272-288, (1978)

L.D. Leserman, J.N. Weinstein, R. Blumenthal, S.O. Sharrow and W.D. Terry:
Binding of antigen-bearing fluorescent liposomes to the murine myeloma tumor
MOPC 315. J. Immunol. 122: 585-591 (1979)
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SUMMARY OF WORK (200 words or less - underline keywords) We have explored ways of directing
Liposomes to particular target cells or tissues. When hapten-modified human
lymphocytes were incubated with hapten-modif ied liposomes and the corresponding
Divalent antibody , liposomes bound in large numbers to the cell surface. However
contents of the bound vesicles did not enter the cells. When murine myeloma cells

were incubated with liposomes carrying the appropriate hapten, again there was
binding but no delivery of liposome contents into the cells. When methotrexate
(MTX) was encapsulated in such vesicles, hapten-specific binding to the cell sur-
face did not result in entry into the cell and inhibition of its metabolism. We

are currently extending these studies to phagocytic cell lines.
We have designed "temperature-sensitive" liposomes that release an entrapped

irug locally at temperatures obtainable by mild hyperthermia , for example in the
treatment of tumors. In the presence of serum the ratio of drug release at 43°

to that at 37° can be made greater than 100:1. We find that (i) such liposomes
deliver more than 10 times as much MTX to heated murine tumors as to unheated
ontrol tumors, (ii) the drug reaches its target enzyme in the tumor cell cyto-

plasm, and Ciii) tumor growth can thus be delayed.

PHS-6040
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CVLDL, IDL, LDL, and HDL) with the liposomes. (d) Four times as much metho-

trexate was delivered to subcutaneous Lewis lung tumors heated to 42° as to

unheated controls in the same animals at 36°; with L1210 tumor the ratio was

14:1. Ce) Growth of the L1210 tumors was delayed by such treatment more than

could be accounted for by the separate effects of heating and liposomal drug

administered separately.

Objective 3: (a) Release of carboxyfluorescein from small unilamellar

vesicles takes place by "leakage", not by an all-or-nothing "rupture" of the

vesicle. (b) The rate constant for leakage increases in inverse proportion

to the hydrogen ion concentration of the medium. (c) Liposomes of dioleoyl

lecithin leak their contents and form structures with a characteristic appear-

ance in negative- staining electron microscopy when allowed to interact with

HDL or LDL. The interaction is faster and more pronounced with isolated HDL

apolipoprotein than with the whole lipoprotein particle. (d) Liposomes bearing

the DNP-hapten can be made to release carboxyfluorescein in the presence of

complement and IgG anti-TNP. Fluorescence self-quenching provides the most

sensitive technique available for continuously monitoring such processes. (e)

Cholesterol-containing liposomes can pass intact, and without releasing much

of their contents, from the peritoneum to the bloodstream of a mouse. This

finding is potentially important for possible clinical instillations of lipo-

somes I. P.

Significance to Biomedical Research and the Program of the Institute : The

three objectives listed clearly relate to the possibilities for using liposomes

in tumor therapy. A major barrier to such efforts has been the difficulty of

directing liposomes to particular cells or anatomical sites. The studies of

antibody-mediated "targeting" suggest a way to achieve selectivity but also

demonstrate an additional problem: how to get the liposome and its contents into

the cell after binding. The studies of synergism between liposomes and hyper-

thermia indicate a promising new way to achieve selective delivery. Use of the

liposome as a hapten-carrier for analysis and sorting of cell populations may

be useful in a number of areas of cellular and tumor immunology.

Proposed Course : Each of the objectives specified earlier will be pursued.

In the case of the hyperthermic system, emphasis has now shifted from in vitro

to in vivo approaches and also to theoretical analysis of the pharmacokinetics.

Studies of antibody-mediated "targeting" have now been extended to include assays

of the physiological effects of delivered drugs in vitro, as well as the distri-

bution of fluorescence markers.

Publications :

Pagano, R., and Weinstein, J.N. : Interactions between lipid vesicles and mam-

malian cells. Ann. Rev. Biophys. and Bioeng . , 1978, pp. 435-468.

Weinstein, J.N., Blumenthal, R. , Sharrow, S.O., and Henkart, P. A.: Antibody-

mediated targeting of liposomes: Binding to lymphocytes does not ensure incor-

poration of vesicle contents into the cells. Biochim. Biophys. Acta . 509:

272-288, 1978.
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Project Description:

Objectives : To Investigate the use of liposomes both In cell biology and In
clinical therapy. Within this broad context,

(1) To explore the use of antigen-antibody interactions to achieve
selective association of liposomes with particular cell types;

(2) To develop synergistic interactions between "heat-labile" liposomal
drug carriers and hyperthermic treatment;

(3) To identify the mechanisms of spontaneous and serum-induced release
of solutes from liposomes;

Non-standard Methods Employed : (a) Preparation of liposomes, by bath and probe
sonication. (b) Investigation of liposome-cell interactions using the fluores-
cence-activated cell sorter. (c) Dynamic measurement of leakage from liposomes
as a function of temperature, using a temperature-scanning fluorescence system
devised in our laboratory for the purpose. (d) Measurements of release of sol-
ute from liposomes by "fluorescence self-quenching". (e) Determination of the
mobility of vesicles bound to cells, using fluorescence-photobleaching. (f)

Microwave heating of tumors.

Major Findings :

Objective 1: (a) Bivalent antibody selectively binds DNP-bearing lipo-
somes to TNP-bearing lymphocytes, but the binding does not increase delivery
of liposome contents to the cell interior (beyond the amount internalized
spontaneously) . (b) Endogenous surface IgA on cells of the murine myeloma
MOPC 315 can bind liposomes bearing the appropriate hapten (DNP) to the cell
surface. However, as in the lymphocyte system, binding does not increase
delivery to the cytoplasm. (c) Lipid vesicles containing fluorescent molecu-
les are potentially useful as markers for sparse or low-affinity cell-surface
determinants. They can be made to contain many fluorophore molecules, thus
amplifying the signal. They give very low non-specific background since the
fluorophore is sequestered, and appropriate lipids are not very "sticky". (d)

Liposomes are removed from the circulation of a mouse much faster if the mouse
carries a myeloma secreting antibody to a hapten on the liposome. (e) Antibody-
mediated binding of methotrexate-containing vesicles to MOPC 315 and TEPC 15
myeloma cells did not lead to entry of drug into the cells and inhibition of
their metabolism. .- .. —

.

Objective 2: (a) Small unilamellar vesicles of 3:1 dipalmitoylphospha-
tidylcholine - distearoylphospatidylcholine release their contents very slow-
ly at 37°C, much faster at 41 - 46°C. Such "heat-labile" liposomes appear
useful in achieving high drug concentrations selectively in local areas of hyper-
thermic treatment, for example, in the treatment of tumors. (b) The temperature-
dependence of the release can be enhanced by increasing the rate of temperature
change, by using multilamellar vesicles in place of the unilamellar ones, and
most markedly, by the presence of serum in the medium. Ratios of greater than
100:1 can be obtained for release (of a fluorescent marker) at 43 and at 37°.

(c) The effect of serum is largely due to interaction of serum lipoproteins
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Yatvin, M.B., Weinstein, J.N., Dennis, W.H., and Blumenthal, R. : Design of

liposomes for enhanced local release of drugs by hyperthermia. Science , 202:

1290-1293, 1978.

Yatvin, M.B., Weinstein, J.N., Dennis, W.H. , and Blumenthal, R, : Use of hyper-

thermia to promote selective local release of drugs from liposomes. Proceedings

of the Conference on Clinical Prospects for Hypoxic Cell Sensitizers and Hyper-

thermia, Wise, Madison Printing and Publishing Co., 1978, in press.

Leserman, L.D., Weinstein, J.N., Blumenthal, R. , Sharrow, S.O., and Terry, W.D.:

Binding of antigen-bearing fluorescent liposomes to the murine myeloma tumor

MOPC 315. J. Immunol . 122: 585-591, 1979.

Weinstein, J.N., Magin, R.L., Yatvin, M.B., and Zaharko, D.S.: Liposomes and

local hyperthermia: Selective delivery of methotrexate to heated tumors. Science

204: 188-191, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

Mathematical methods are being developed to describe aggregation on a

two dimensional fluid surface.
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Project Description:

Objectives : To obtain analytic expressions for the time evolution of the dis-

tribution function describing the growth of aggregates subsequent to the bind-

ing of ligand to laterally mobile cell surface receptors.

Major Findings : The kinetic problem for the entire distribution function, with

and without loop closure (cyclic complexes) was solved exactly for the first

time for a bivalent-bivalent system. Because the formation of the problem in-

volves an infinite system of coupled non linear eqs., numerical solutions are

not possible.

Significance to Biomedical Research and the Program of the Institute : The

solution to this problem allows correlations to be drawn about cellular activ-

ity and the size of the aggregates which form on the cell surface, i.e. pre-

viously it was possible only to connect the mean number of crosslinked recep-

tors with activity. Now the importance of the way they are distributed in

various sized aggregates can be assessed. This project is a necessary aspect

of all other research projects.

Proposed Course : Extension to ligands with valence greater than two and appli-

cations to data analysis.
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SUMMARY OF WORK (200 words or less - underline keywords)

Two new mathematical theories of complement activation were -developed. One
can be used to analyze data related to the final stages of complement activation;
in particular percent hemolysis as a function of EAcl-8/C9 ratio. From this
information, it is possible to obtain, in principle, the distribution of sizes of
lytic holes.

The other development is a method for analyzing steady state hemotysis, as
a function of the time lag between Ig and complement addition. Preparation of
cells with known epitope densities permits inferences to be drawn about the
effects of valence, epitope density and distribution of Igs required for lysis.
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Project Description:

Objectives : To obtain information about (1) the final stages of lysis, including

distribution of hole sizes (2) The effect of epitope density on lysis (3) The

effect of Ig concentration and cell surface distribution on the kinetics of

lysis.

Major findings : Mathematical methology has been developed.

Significance to Biomedical Research and the Program of the Institute : Comple-

ment is of extreme importance in host defense systems. Moreover, the experi-

mental systems are an excellent model for understanding initial stages of bio-

logical events and correlating molecular and cellular events. The work inter-

faces with other projects on cell surface events, effector functions and cellular

activation.

Proposed Course : Application to data, followed by additional experiments as

indicated by the analysis.
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Project Description:

Objectives : To develop a detailed understanding of the interaction of the Fc
region of antibodies with their receptors.

Methods Employed : Mathematical analysis of experimental data.

Major Findings : In initial analyses of the kinetics of covalently coupled anti-
bodies suggest that they bind with the characteristics of a divalent molecule,
connected by a flexible link, to mobile sites on the cell surface.

Significance to Biomedical Research and the Program of the Institute : This
project is intimately coupled to the project on lymphocyte activation, comple-
ment activation and insulin binding. For the first two, binding of antibodies
to cells via the Fc represents a Fc must precede biological activity and a de-
tailed understanding of the nature of the complexes formed is a necessary com-
ponent of developing an understanding of the biological processes.

Proposed Course : The theory makes predictions related to the effect of vari-
ations in the mean number of cell surface receptors which will be tested exper-
imentally. The data obtained here are relevant to the basophil activation study.
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Project Description:

Objectives : To develop an understanding of the details of the interaction of

insulin with its cell surface receptors.

Methods Employed ; Mathematical modeling.

Major Findings : By using a simple model in which insulin binds to and then

clusters receptors, we were able to fit two types of dissociation kinetics

(induced by dilution alone and dilution + cold hormone) at several temperatures.

The model also fits NGF data and thus provides an alternative to the popular
notion that the observed kinetics patterns are the result of conformational
changes. However, we have not been able to fit association and dissociation
simultaneously, so there must be additional processes occurring which have not

yet been considered.

Significance to Biomedical Research and the Program of the Institute : Under-

standing the nature of the interaction between ligands and cell surface recep-

tors is the first step in developing a detailed understanding of ligand mediated

cellular activation. Regulation at the cell surface level or lack of it is a

fundamental aspect of carcinogenesis.

Proposed Course : The model will be expanded in order to fit all the observed

data, and experiments will then be proposed to test it.

Publications :

DeLisi, C, and Blumenthal, R., (eds.).: Physical Chemical Aspects of Cell

Surface Events in Cellular Regulation . Elsevier North Holland, 1979, 393 pp.

DeLisi, C, and Chabay, R. : The influence of cell surface receptor clustering

on the thermodynamics of ligand binding and the kinetics of its dissociation.

Cell Biophysics ., in press.
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A biological theory of the activation and desensitization of basophils
from allergic and immunized individuals has been developed.
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Project Description:

Objectives ; The long term goal is to develop an understanding of the relation-
ship between cell surface events and the biochemical pathway which a cell
follows. In the basophil system in particular, this means sorting out the
parameter domains corresponding to specific desensitization, non specific
desensitization, histamine secretion, and inactivity.

Methods Employed ; Mathematical modeling.

Major Findings ; (see abstracts)

Significance to Biomedical Research and the Program of the Institute ; Aside
from the obvious bearing on allergic reactions, the basophil system, because
it is a one ligand-one cell system which responds in minutes, permits the type
of quantitative analysis which is not possible for antibody production and se-
cretion. . It is therefore a model system for studying cellular activation.

Proposed Course ; Experimental tests of many of the predictions are now in pro-
gress. The model will be extended to include non specific desensitization.

Publications ;

Doria, G., Mancini, C, and DeLisi, C. ; Secretion rate independent evaluation
of IgM antibody avidity at the level of single immunocytes. J. Immunol , in
press.

DeLisi, C, and Siraganian, R. ; Receptor crosslinking and histamine release I.

The quantitative dependence of basophil degranulation on the number of receptor
doublets. J. Immunology . in press.

DeLisi, C, and Siraganian, R. ; Receptor crosslinking and histamine release
II. Analysis and interpretation of anamolous dose response patterns.
J. Immunology , in press.
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We have investigated the interaction of lipoproteins with liposomes to
form recombinant particles. A number of lipoprotein fractions (VLDL, IDL, LDL,
and HDL) all disrupt liposome structure by an essentially irreversible and quasi-
stoichiometric process. In the case of HDL, the major apoprotein, A-I, recom-
bines with dimyristoyl phosphatidyl choline vesicles to form discs approximately
100 A in diameter and 32 A in thickness, with protein on the rim. These struc-
tural results were obtained by a combination of neutron scattering, electron
microscopy, and column chromatography.
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Project Description:

Objectives : To investigate the interaction between liposomes and lipoproteins

and between lipoproteins and cells. More specifically,

(1) To define the mechanism by which liposomes are broken down by serum

components, principally the lipoproteins;

(2) To determine the relative efficacies of different purified apolipo-
proteins in breaking up liposomes;

(3) To develop fluorescently labelled lipoproteins and liposome-apoprotein
recombinants for use in studying lipoprotein-cell interactions;

(4) To use the methods developed for objectives (1) - (3) to assess the

physical chemistry of protein-lipid interaction in lipoproteins.

Non-standard Methods Employed : (a) Preparation of liposomes, by probe and bath-
sonication; (b) D3niamic measurement of leakage from liposomes as a function of

temperature, using a temperature-scanning fluorescence system devised in our

laboratory; (c) Determination of the mobility of lipoproteins and liposomes bound

to the cells, using fluorescence-photobleaching recovery; (d) Neutron scattering
studies of lipoprotein size, and shape.

Major Findings : (1) Liposomes are broken down and their contents released by

an interaction with serum, most rapidly at the lipid phase transition. C2) The

serum effect is mostly due to low density (LDL) and high density (HDL) lipo-
proteins, but very low density and intermediate density lipoproteins also play
a part, as also does some other, unidentified component of the serum. (3)

Heparinized plasma, EDTA plasma, and serum all have the same effect. (4) at

least in the case of HDL the mechanism appears to be a quasi-stoichiometric,

all-or-nothing breakdown of the vesicle into a small disc of lipid rimmed with

protein. The process is largely complete within a second or two at the phase

transition of the liposome lipid and is essentially irreversible on that time

scale. (5) By neutron diffraction and electron microscopic studies the discs

appear to be about 100 A in diameter and 32 A in thickness, with a protein rim.

They probably consist of a single bilayer. (6) Cholesterol at 40 mole percent

in the liposomes severely restricts the interaction with serum components, as

does the formation of liposomes from lipids which are below their phase transi-

tions at the temperature of study.

Significance to Biomedical Research and the Program of the Institute :

(1) A major barrier to the effective use of liposomes as carriers in cancer

chemotherapy and diagnosis has been a lack of understanding of their interactions

with serum. Our studies define the interaction and indicate what type of lipo-

somes must be used to avoid it. (2) Our studies of HDL-liposome recombinants

contribute to (1) and may also be useful in delineating mechanisms of ather-

osclerosis. (3) Breakdown of liposomes in serum is essential to the combination
of liposomes with hyperthermia to achieve selective release of drugs in the area

of a tumor. We have described such a system in publications 2-4 (this report)

.

Proposed Course : We are continuing work on each of the objectives listed.

Liposome-lipoprotein interactions are being studied by temperature scans of

fluorescence; lipoproteins and liposome-lipoprotein recombinants are being fluo-
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rescently labeled for studies of their physical chemistry and interactions with
cells; the requirements for a serum-stable liposomal carrier are being defined,
with emphasis now on the differences among different size liposomes; neutron
scattering studies will be extended to higher angle regions; electron micro-
graphs of HDL-liposome recombinants will be subjected to image analysis to en-
hance detail; hyperthermic release of drugs from vesicles is being explored in
additional tumor systems in the mouse (see report on Project No. CB 08335-03).

Publications :

Pagano, R., and Weinstein, J.N. : Interactions of liposomes with mammalian
cells. Ann. Rev. Biophys. Bioeng. 7: 435-468, 1978.

Yatvin, M.B., Weinstein, J.N., Dennis, W.H., and Blumenthal, R. : Design of
liposomes for enhanced local release of drugs by hyperthermia.
Science, 202: 1290-1293, 1978.

Yatvin, M.B., Weinstein, J.N., Dennis, W.H. , and Blumenthal, R. : Use of hyper-
thermia to promote selective local release of drugs from liposomes. Pro-
ceedings of the Conference on Clinical Prospects for Hypoxic Cell Sensi-
tizers and Hyperthermia.
Wise, Madison Printing and Publishing Co., 1978.

Weinstein, J.N., Magin, R.L., Yatvin, M.B., and Zaharko , D.S.: Liposomes and
local hyperthermia: Selective delivery of methotrexate to heated tumors.
Science 204: 188-191, 1979.
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SUMMARY REPORT
IMMUNOLOGY BRANCH
Fiscal Year 1979

The Immunology Branch carries out laboratory investigations in basic immuno-
biology with particular emphasis given to studies of regulation and control
of immune responses, structure and function of cell surfaces, transplantation
biology and tumor immunology. In addition, clinical studies of relevance to

tumor immunology are performed.

A. REGULATION AND CONTROL OF IMMUNE RESPONSES

It is known that specific antibody synthesis is controlled by genes located
in or near the major histocompatibility complex (MHC) . The nature and
function of the genetic control of the cellular interactions involved in
antibody responses are under investigation. An in vitro system for gener-
ating both primary and secondary antibody responses to soluble antigens has
been developed. Responses in the system are both T cell and accessory cell
dependent and, for TNP-TGAL and TNP-HGAL, are clearly under H-2 linked Ir

gene control. The function of accessory cells in responses to TNP-TGAL and
TNP-HGAL is also regulated by H-2 linked Ir genes and these are encoded
within the same subregions of H-2 as is the overall in vitro and in vivo
response to these antigens. The generation of specific antibody responses
requires the active recognition by T cells of H-2 antigens (probably la

antigens) as "self" markers. Experiments have shown that, for the develop-
ment of antibody to TNP-KLH, the helper T-cell recognizes MHC determinants
on macrophages and not on B cells. Moreover, the H-2 antigens that are
recognized as "self" are not determined by the genotype of the T cells, but
rather by the genotype of the th3nnus in which the T cells mature (CB-05064).

Accessory cells which support antigen specific primed lymph node T cell
proliferation are Thy 1.2 negative, radioresistant, glass adherent, surface

Ig negative, phagocytic, express Fc receptors and express I-A and I-E/C
subregion antigens. Accessory cell function is controlled by autosomal
dominant genes that are located in the K or I-A regions of the H-2 complex
and that map identically with the Ir genes controlling responsiveness
(CB-05065). In contrast, B cells and T cells of low responder strains
do not express the Ir gene effect (CB-05086).

The mechanisms of activation of antibody forming B cells are being studied.
Distinct B-cell populations respond to different antigens and the inability
of the CBA/N mouse to respond to certain antigens has been shown to be due
to the absence of a mature population of B cells (CB-05090).

Genetic control is also being studied in vivo, utilizing the complex antigen
staphylococcal nuclease. Antibody responses to this antigen are under
control of H-2-linked immune response genes. Antibodies against idiotypic
determinants on the anti-nuclease antibody have been produced in rats and
pigs and used to screen a variety of strains for the presence of idiotype.
Results of these studies indicate that idiotype expression is linked to the

heavy chain allotype marker, rather than to immune response gene loci. A
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large recombination frequency (7-10%) was found, but the reason for this high
recombination frequency is not known. Progeny testing proved that these were
true recombinant animals. Both high responder and low responder animals
(BIO. A and BIO, respectively) were found to make comparable levels of anti-
nuclease antibody following multiple boosts with antigen. However, the pro-
portion of antibody against the carboxy terminal third of the nuclease
molecule was very different in these two strains. This indicates that H-2-
linked Ir gene control must exert an effect at the B cell as well as at the

T cell level (CB-05036).

Viruses or chemicals can modify the surfaces of cells to create new antigens
that depend both on the modifying agent and on the histocompatibility anti-
gens of the cell surface being modified. TNP modified spleen cells induce
cytotoxic effector cells which only lyse TNP modified target cells and only
if those target cells share appropriate H-2 antigens with both the stimu-
lating and the effector cells. Specificity of the effectors is such that
they cannot lyse H-2 matched targets in which the TNP group is attached to

the target surface by insertion of a TNP-fatty acid dextran conjugate into
the cell membrane. Effector cells can be generated, however, by culturing
spleen cells with TNP coupled to soluble proteins. Further studies indicate
that phagocytic, radioresistant, theta-negative accessory cells are required
for generating cytotoxic cells, interaction of TNP-protein with cell surfaces
is not mediated by a phagocytic mechanism and H-2 restriction is not deter-
mined by the phagocytic accessory cells. These accessory cells express la
antigens that map to I-A and I-E/C.

Strain dependent differences in the ability to respond against cells
modified with low concentrations of TNBS have been demonstrated. Responder
strains can be primed in vivo to give enhanced secondary in vitro cytotoxic
responses to TNP-self, but this priming also led to suppressed delayed
hypersensitivity reactions (CB-05038).

Studies within this system have been extended to determining the ability of
human peripheral blood leukocytes to be stimulated in vitro against TNP-
modified autologous leukocytes. Proliferative and cytotoxic responses were
obtained and the results indicated that the T cells involved did not rec-
ognize TNP exclusively but rather TNP in association with human-specific
self determinants. These determinants seem to include ones that are
polymorphic and associated with serologically defined HLA-A and -B locus
antigens, those that are polymorphic and HLA linked but not strongly associ-
ated with serologically determined antigens, and "public" determinants
with little if any polymorphism detected. These results suggest that human
T cells recognize a variety of self determinants in association with TNP
(CB-05067).

Conditions have been developed for in vitro stimulation of human peripheral
blood leukocyte effector cells cytotoxic for influenza infected target cells
and for measurement of effector cell activity on virus infected cryopreserved
human peripheral blood leukocyte targets. The use of a variety of influenza
viruses has led to results suggesting human T cell responses to influenza
viruses may be type-specific and that they also appear to be restricted to

recognize self components. The cytotoxic responses appear to be controlled
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by HLA-linked genetic factors since effector cells from certain donors
recognize virus in association with some, but not all, self HLA-A and B

antigens (CB-05078). Similar studies with measles virus have shown that two

human donors can generate high levels of specific cytotoxicity against
autologous measles virus infected peripheral blood leukocytes (CB-05089).

The phenomenon of in vitro auto-sensitization of murine cells has been

studied further and it was shown that effectors preferentially lysed H-2
matched targets. Specificity studies suggested that effector cells were

sensitized against components contained in fetal calf serum, but not in

horse serum. Enhanced responses were obtained when mice were preinjected
with irradiated syngeneic cells raising the possibility that the response
is dependent on natural killer cells. High and low responder strains have

been identified and high responsiveness shown to be a dominant characteris-
tic. It appears that the self-restricted immune responses are directed at

components present in some sera, or at antigens induced by those sera

(CB-05077).

Functional and serologic characterization of cells important to the immune
response have continued. T-cell proliferative responses to concanavalin A
and IgM antibody responses to TNP-KLH require the participation of accessory
cells that are glass adherent, non-T, non-B, radioresistant and that express
la antigens. Different accessory cells are active in the different systems.
The accessory cell for Con-A proliferation is non-phagocytic and does not
have to be H-2 identical with proliferating T cells, while the accessory
cells for antibody responses are phagocytic and must be H-2 identical with
T cells (CB-05069). Stimulation of mixed lymphocyte responses by spleen cells
seems to depend upon an adherent la position cell that is 20 to 50 times more
efficient as a stimulator than are unseparated spleen cells (CB-05087).

Similarities have been observed between F, anti-parent marrow graft rejection
in vivo and the development of F, anti-parent cytotoxic effector cells in
vitro. A number of differences have also been noted:

1. The in vivo rejection process does not require active immunization while
the in vitro development of cytotoxic effectors does;

2. Marrow graft rejection is neither caused by nor dependent upon thymus
derived cells, while the F-, anti-parent effectors and their precursors are
T cells. .. -

3. Recent experiments show that injection of F-i mice with parental spleen
cells results in the specific abrogation of F-, anti-parent reactions in
vitro and in vivo, whereas injection of parental bone marrow is associated
with priming for F-j^ anti-parent cytotoxicity (CB-05049).

Both cellular and humoral regulators of immune responses are under investi-
gation. An la positive accessory cell is required for the generation of

suppressor cells in vitro. The suppressor cells themselves, however, are
resistant to anti-la plus complement. Mouse strains differ in their ability
to generate culture-induced suppressor cells. Certain strains do not
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demonstrate suppressor activity and the defect appears to be in the ability
to generate suppressor cells rather than in the susceptibility of target
cells to suppression (CB-05055).

Studies of the ontogeny of immune responsiveness in mice have shown that
neonatal thymus and spleen cells can actively suppress immune responses by
cells from adult animals. Both T and non-T cells mediate this suppression
(CB-05081). The potential role of idiotype bearing molecules in the regula-
tion of immune responses is also being studied. T Ijmiphocytes express anti-
TGAL idiotypes identical to or cross reactive with those found in anti-TGAL
antibodies produced in the same mouse strain. Similar or identical idiotype
is found on both IgG and IgM antibodies, and expression of these idiotypes
is controlled by genes limited to the heavy chain allotype locus (CB-05058).

B. STRUCTURE AND FUNCTION OF CELL SURFACES

Synthetic membrane antigens have been created and compared with natural mem-
brane antigens of the same cells in an attempt to explore capping and other
phenomena. Lateral diffusion constants for these sjmthetic macromolecules
have been determined and shown to be typical of membrane proteins. Addition
of antibody to these dextran antigens causes patching and capping with a

consequent reduction in lateral diffusion. With very flat fibroblasts,
these adsorbed sjmthetic membrane molecules form patches in rows similar to

those that have been observed for natural membrane antigens. Thymocytes
adsorb these sjmthetic antigens from solution more readily than do spleno-
cytes and cap the adsorbed molecules more slowly than do splenocytes. Drug
inhibition of capping of adsorbed molecules on lymphoid cells showed char-
acteristics similar to these seen with capping natural markers such as
surface immunoglobulin (CB-05068).

The binding of membrane H-2 alloantigens to T-cell surface receptors is
being studied by analyzing the binding of lymphocyte plasma membrane vesicles
to sensitized allogeneic spleen cells. Preliminary studies indicate that
specific binding occurs (CB-05091).

The use of liposomes as markers of all surface determinants and as carriers
of drugs to specific cells is under investigation. Hapten-bearing liposomes
bind specifically to plasma-cell tumors that are secreting immunoglobulin
molecules with specificity for the hapten. Cytotoxic drugs contained within
these vesicles do not affect the tumor cells, however, since the drugs do
not enter the cell after liposome binding. In contrast, phagocytic tumor
cells are affected by the drug after they endocytose drug containing lipo-
somes that are coated with "opsonizing" antibody (CB-05075).

The nature of cell membrane damage caused by immunologic mechanisms is under
investigation. Damage caused by antibody plus complement is associated with
complete loss of membrane potential and electrical resistance as determined
by intracellular recording performed with microelectrodes. These changes
are noted within 1-2 minutes of the addition of complement to the system
but are reversible if complement is removed from the system. T lymphocytes
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sensitized against alloantigens caused membrane depolarizations lasting 3 to

30 seconds starting within minutes of addition to target cells. In some

cases, irreversible depolarization developed after 1 to 3 hours. Additional

information concerning membrane lesions has been obtained using resealed red

blood cell ghost membranes. These studies indicate that the lesions caused

by complement plus antibody are of such a size that they will allow materials

of 40,000 molecular weight to pass through the membrane but will not allow
molecules of 80,000 molecular weight to do so. Using the same basic tech-

niques, studies with antibody dependent cell mediated cytotoxicity shows that

molecules of 500,000 molecular weight can pass through the membrane but

molecules of 2,000,000 molecular weight cannot. It thus appears that there

is a discrete pore created in the membrane after damage, with a pore diameter
diameter of 50A° caused by antibody plus complement and a pore diameter of

140A° caused by antibody dependent cytolysis (CB-05018).

A number of studies concerning the binding properties of Fc receptors have
been carried out. With human peripheral lymphocytes, it has been shown that
the Fc receptors of B lymphocytes and UL-cells differ in their avidity for
immunoglobulin complexes. In addition, the Fc receptors of UL-cells do not
appear to be associated with la-like antigens (CB-05034).

In the mouse, Fc receptors of B cells and T cells, but not UL cells or
macrophages, appear to be associated with la antigens on the cell surface.
In the case of the B cell, Fc receptors and la antigens appear to be

distinct molecules and the association is ligand induced. There is a poly-
morphic non-H-2 locus, closely linked to the M locus, that determines at

least 4 distinct antigens associated with the Fc receptor. Fc receptors
appear to interact with B cell cytoskeleton, but the cytoskeleton does not

play a role in the interaction between la antigens and Fc receptors (CB-05035)

Other studies indicate that mouse lymphocytes have an Fc receptor specific
for the "Fc" of IgA molecules (CB-05068).

Cell membrane changes caused by transformation are studied primarily in cells

transformed by SV 40. The nature of the various antigens appearing as a

consequence of transformation is under investigation (CB-05526 and CB-05544).

C. TRANSPLANTATION

Studies are being directed towards an understanding of the role of the

products of the major histocompatibility complex in the cellular inter-

actions of the immune response.

A previously unrecognized H-2 locus within the D region has been demon-

strated and named H-2L. A mutant mouse, the BALB/c-H-2 has been studied

and found to lack all specificities associated with the L molecule (CB-

05021). The L alloantigens are capable of inducing allogeneic cytotoxic
effector cells but they appear to be incapable of eliciting syngeneic

effector cells specific for TNP modified antigens, even though influenza
virus can be recognized to be in association with products of the L locus

by cytotoxic T cells (CB-05076).
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k kAnti-H-2 hybridomas have been produced with specificities for H-2 or la

antigens. In addition, an antibody response to a previously unrecognized
H-2 antigen has been found and shown to be genetically controlled by a

non-H-2 linked locus (CB-05021).

Three herds of miniature swine, each homozygous for a different set of histo-
compatibility antigens at the major histocompatibility complex, have been
developed. Renal allografts within one of the homozygous herds appear to
survive indefinitely despite minor histocompatibility antigenic differences.
However, rejection occurs following allografts within the other two herds,
with variable kidney survival times. Liver allografts in outbred swine have
now become technically successful, and assessment of liver grafts in the

partially inbred herds is being carried out.

Cross immunizations between representatives of the three herds have led
to the production of antisera apparently directed against antigens controlled
by the major histocompatibility complex. These antisera have precipitated
material from detergent solubilized cell surface preparations and by both
size criteria and genetic criteria, the precipitated materials appear to
be the precise homologs of murine H-2 and la antigens. Milligram quantities
of histocompatibility antigens have been prepared from individual pig
spleens and assessed immunologically in terms of capacity to inhibit com-
plement mediated lysis of pig cells by anti-MHC antisera (CB-05023).

Quantities of HLA gene products as well as of human la like antigens have
been isolated from human Ijmiphoid tissue culture cell lines and partially
purified. In collaboration with Dr. Jack Strominger, these materials have
been further purified. Amino acid sequence analysis of HLA antigens con-
trolled by two genes in the MHC is nearing completion and has demonstrated
significant homologies in these two gene products (CB-05006).

Liposomes bearing hapten on their surface have been used to quantitate cell
surface receptors present on myeloma cells S3mthesizing immunoglobulin with
hapten specificity (CB-05075).

D. MOLECULAR BIOLOGY

A project to determine the DNA sequence organization of the genes encoding
the murine major histocompatability complex and the mechanisms controlling
the expression of these genes has been initiated. In vitro synthesis of
histocompatibility and la antigens has been achieved (CB-05083).

E. TUMOR IMMUNOLOGY

The cytotoxic cells generated in vitro by mouse spleen cells against
syngeneic and methylcholanthrene-induced tumors is mediated by large
lymphocytes that are at least partially theta positive, but that lack surface
immunoglobulin (CB-05003).

The role of cell interaction in the development of syngeneic tumor immunity
is under investigation. Specific anti tumor immunity to unmodified tumor
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cells can be increased by priming an animal to produce anti-hapten helper

(amplifier) cells before immunizing with hapten-conjugated tumor cells

(CB-05085).

A randomized controlled trial comparing chemotherapy with immunotherapy

in human malignant melanoma is in progress. The patients are randomly

assigned to receive treatment either with methyl CCNU, BCG alone or BCG

plus allogeneic tissue culture grown vaccine. A fourth group consists of

control patients who receive no further active treatment. The trial has

been in progress too short a time to permit evaluation but no striking

differences between the groups have been noted to date (CB-05033). Studies

of the peripheral blood lymphocytes of patients in this clinical trial in-

dicated that greater than 90% of those receiving the cell vaccine generated

cellular and/or humoral immune responses against one or more of the vaccine

cell lines. In addition, all patients in the study had a normal capacity

for generating cytotoxic cellular responses in vitro except for those

patients receiving chemotherapy who showed some depression in this functional

capacity. The use of BCG did not appear to increase the average in vitro

natural killer or K cell cytotoxic immune activities (CB-05016).

F. FLUORESCENT ACTIVATED CELL SORTER FACILITY

The Immunology Branch continues to operate a Fluorescent Activated Cell

Sorter which serves as a resource and has been utilized in a large number

of collaborative investigations. This facility has been used to study

differentiation antigens on murine lymphocytes, analysis of lymphocyte

abnormalities in mice prone to autoimmune disease, characterization of

murine accessory cells and analysis of immunoglobulin Fc receptors on

cell surfaces. Twelve publications resulted from the work of this unit

(CB-05062).
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Project Description

Objectives : This project has been directed at understanding and manipulating
mechanisms of cell-mediated immune cytotoxicity in both humans and mice.

Long-range goals are: (1) to identify and characterize factors which in-

fluence induction, maturation and expression of cytotoxic cellular immune
responses; (2) to define changes in cytotoxic cellular immunity which
occur in tumor bearing hosts; and (3) to find means of manipulating the

cytotoxic cellular immune response for therapeutic purposes.

Metljods Employed : Cell-mediated cytotoxicity is measured in vitro by release
of Cr from labelled target cells incubated with lymphoid cells for 2-6
hours. Immune cells are collected from spleen, marrow, Ijrmph node, thymus
and peripheral blood of sensitized hosts. Cells have been fractionated by

1 G velocity sedimentation, removal of cells which ingest iron particles,
removal of cells which adhere to anti-Ig coated petri dishes and lysis
of cells by anti-theta (tumor absorbed AKR anti-C3H thymus) and complement.
In addition immune cells have been produced by in vitro sensitization of

lymphoid cells using previously established Mishell and Button tissue culture
conditions with the exception of adding Poly I and syngeneic mouse serum in
place of fetal calf serum for selected experiments. Target cells are pro-
vided by freshly explanted cells, tissue culture lines and established
tumor cell lines passed in vivo or in vitro; most target cells function
well if previously frozen in liquid nitrogen. Target cells also have
been chemically modified in order to change the immunogenicity of cell
surface antigens.

Sarcomas have been induced with methylcholanthrene (MCA) in mice from
each of four inbred strains (NFS, C57BL/6N, BALB/c, and DBA/2), which are
routinely screened for potentially immunsuppressive pathogens before
admission to the colony at the Frederick Cancer Research Center. Tumor cell
lines established from these sarcomas are -also screened for potentially
immunosuppressive pathogens: mycoplasma (culture and serology) and a variety
of viruses (serology) including MVM, Sendai, LDH and LCM. Both freshly
explanted tumor fragments and early passaged cell lines have been frozen in

liquid nitrogen. Several tumor lines from each mouse strain have been ex-
posed only to medium supplemented with syngeneic serum rather "ttlan fetal
calf serum.

Major Findings : Previous observations established that MCA-induced murine
sarcoma cells pre-irradiated with 9,000 R non-specif ically suppress in

vitro generation of cytotoxic cellular immune responses when co-cultured
with both syngeneic spleen cells and stimulating allogeneic or TNP-modified
syngeneic cells. Suppression is not due to any known acquired contaminant
such as certain viruses or mycoplasma and is evident with as few as 5x10"'

tumor cells mixed with 30 million spleen cells. Pre-treatment of tumor
cells with formalin or tetranitromethane , however, abrogates the suppres-
sive effects. Spleen cells co-cultured with pre-treated tumor cells
generate considerably more cytotoxic activity against untreated tumor

cells than could be achieved by culturing spleen cells alone. Not only
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the "sensitizing" tumor line but also a wide variety of syngeneic, allo-
geneic and xenogeneic cell lines are sensitive to lysis. On the other
hand certain cell lines and freshly explanted normal cells are not sus-
ceptible to lysis showing that the cytotoxic activity is selective for
target cells.

Within the last year the cytotoxic effector cells have been characterized
as partially sensitive to anti-theta and complement, surface-Ig free by
lack of adsorption on anti-Ig coated petri dishes, non-phagocytic by
failure to ingest iron particles and large lymphocytes by velocity sedi-
mentation. We have also demonstrated that foreign serum components are
not required for spleen cell generation of cytotoxic activity either in
the presence or absence of "sensitizing" tumor cells, insofar as broadly
reactive cytotoxic cells are generated in a fully syngeneic system in
which foreign serum is replaced by syngeneic serum, both for routine
passage of tissue culture lines and for in vitro generation of cytotoxic
activity. Finally, the pronounced suppressive effect of irradiated
tumor cells on in vitro generation of cytotoxic activity is not seen with
a variety of tumor cell lines when activity is generated in medium lacking
foreign serum components.

Significance to Biomedical Research and the Program of the Institute : The
anti-tumor cytotoxic activity reported here, which is generated spontane-
ously by spleen cells in vitro and more so with syngeneic tumor cells as
"immunogen," has many similarities with the activity of natural killer
cells: the broad scope of target cell reactivity and effector cell char-
acteristics of non-B lymphocytes partially sensitive to anti-theta + comple-
ment. The fact that such activity can be generated in a fully syngeneic
system obviates any concern about the widely reported role of foreign
serum proteins in generating similar activity. Thus, this model could
provide a basis for investigating factors which influence the generation
of natural killer-like activity, which has- attracted interest as a possible
natural anti-tumor immune surveillance mechanism. The finding that tumor
cell associated immunosuppression of spleen cells is markedly reduced in a

fully syngeneic in vitro environment is akin to the near normal cytotoxic
responses that are generated by spleen cells from mice bearing primary MCA-
induced tumors (see last years report for this project). Thus,"' by using
fully syngeneic systems and chemically induced tumor cells free of known
acquired pathogens which could be immunosuppressive and/or antigenic, there
should be an optimal opportunity for attempting to generate truly tumor
specific cytotoxic activity and to identify natural factors which influence
this response.

Proposed Course of Project : The spectrum and specificities of lymphoid
cells cytotoxic for MCA-induced tumors will be investigated using limiting
dilutions of responder cells expanded in vitro by non-specific and tumor
promoted clonal stimulation. Using recently reported techniques for
further expanding cytotoxic T cell clones, clones will be tested for
specific anti-tumor activity both in vivo and in vitro. In addition, in
collaboration with Dr. Richard Fisher of the Medicine Branch (NCI), we
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will continue to freeze in liquid nitrogen human ovarian carcinoma cells
and apply data from the mouse model system to in vitro generation of cells
cytotoxic for autologous human tumors.
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Project Description

Objectives : The objectives of these studies are as follows: a) To identify
genes in the major histocompatibility complex which have an association with
disease states; b) identify potential immune response genes in man; c) to

assess the biologic function of different cell surface structures in re-

lationship to immune function of lymphocytes; d) to isolate and purify gene
products of the major histocompatibility complex for structural analysis.

Methods Employed : Gene products of the major histocompatibility complex are
identified by dye exclusion cytotoxicity tests. In order to assess the
presence of these antigens, subpopulations of cells are isolated as follows:
monocytes are recovered after adherence to a glass surface using an EDTA
reagent. The non-adherent cells are then plated on plastic surfaces
previously coated with an antiserum to the F(ab) component of Ig. This
technique isolates the immunoglobulin bearing B lymphocyte. These cells
are removed by competition with human Ig. The remaining cell population
is considered the T cell population and is then used for cell surface
antigen identification or recombined with the other subpopulations of

lymphocytes isolated by the above procedures for biologic study. The in-
teraction of the various cell populations in allogeneic mixed lymphocyte
reaction employs the standard techniques of lymphocyte culture using
tritiated thymidine incorporation as a measure of response. Cell surface
antigens have also been investigated employing flow microfluorometry using
the fluorescence activated cell sorter. Subpopulations of l5rmphocytes as
described above were isolated for direct analysis or for absorption studies.
Antisera detecting the products of genes of the major histocompatibility
complex are incubated with the cell populations, the cells washed and a

fluorescinated goat anti-human Ig preparation used to identify the reaction
of the antibody to the cell 'surface. After extensive washing, the cells
are analysed with the fluorescence activated cell sorter.

B lymphocytes which suppress pokeweed indu'ced immunoglobulin production were
generated by using the above procedure to isolate resting peripheral blood
T lymphocytes. T Ij^phocytes are placed in a conditioned, culture medium
(generated from allogeneic tissue cultures) and assessed after one week of

culture for ability to suppress immunoglobulin production. Paired B lympho-
cyte lines are also established using E.B. virus. Heteroantisera has been
raised against the suppressor T cell lines by injecting rabbits with the

cultured T suppressor cells and subsequently absorbing with the allogeneic
B cell line in attempts to generate antibody specific for the suppressor
T cells. These antisera are then tested by dye exclusion cytotoxicity
against isolated subpopulations of resting lymphocytes as well as the T

and B cultured cells.

Studies of the molecular characteristics of human B cell alloantigens were
performed by labelling cell membrane components with tritiated amino acids.
The cell membrane components were solubilized by non-ionic detergents and
purified by gel filtration chromatography and Concanavalin A lectin column
purification. After elation of the adhered antigen with alphamethylmanose
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appropriate anti-DRw (or anti-human la antisera) as well as control sera were
incubated with the isolated material and the antigen-antibody complexes
precipitated with the Cowan strain Staph, aureus organism. The antigen
antibody complexes were dissociated with sodium dodecyl sulfate in the
presence of the reducing substance mercaptoethanol. These dissociated
materials were electrophoresed on polyacrylamide gels containing sodium
dodecyl sulfate. Gel slices were counted in a liquid scintillation counter
and the migration of the isolated labelled proteins assessed. In some
instances sequential precipitations with the anti-DrW sera or anti-la sera
were performed. In other studies, combinations of antisera were used in
precipitation analysis.

Large quantities of lymphoid cells are being employed to determine the
structural characteristics of the HLA alloantigens. HLA alloantigens are
solubilized from cell membrane preparations with non-ionic detergents or
the enzyme, papain. The soluble antigen were purified on an immunoabsorbant
column using monoclonal antibody directed against HLA alloantigens complexed
to Sepharose. The antigens are eluted from the column with a Tris-glycine
buffer pH 2.5. After readjusting the pH, the antigens are tested for
specificity using cytotoxic inhibition and immunoprecipitation analysis,
DRw antigens are isolated from the materials passing through the anti-HLA
columns with a monoclonal antibody directed against human la. These
purified materials and subjected to acid or enzyme cleavage. The peptides
resulting from the above procedure are separated by DEAE chromatography
and amino acid sequence analysis performed. The quantities of lymphoid
cells needed to pursue the chemical and structural characterization of HLA
alloantigens are being provided by the NCI contract NOl-CB-12078. The
isolation and structural analysis is being done in collaboration with
Dr. Jack Strominger, Harvard Biologic Laboratories, Cambridge, Massachusetts.

Major Findings : HLA-B, C and DRw antigen determinations are being performed
in a normal population and in a variety of disease conditions. These studies
are carried out in part in this laboratory and supported by an NCI contract
NOI-CB-53890 to Duke University. The major observations are as follows and
relate to four disease entities, Sicca syndrome, systemic lupus
erythematosis, psoriasis, and diabetes mellitus. Studies in patients with
Sicca syndrome have demonstrated an increase of the HLA-B8 and the HLA
DRw3 antigens in the patient population. Patients with secondary Sicca
syndrome, (those individuals having the Sicca syndrome with arthritis) have
a different antigenic profile. An increase in the DRw4 antigen frequency
was found compared to the normal population and the population of patients
with primary Sicca syndrome. The studies demonstrate genetic differences
between primary and secondary Sicca syndrome. In analysis of individual
serologic reactions in these two patient populations it was observed that
two antisera, Ial72 and Ia350 reacted with the majority of individuals
with both primary and secondary Sicca syndrome. Thus a common genetic
component is found in the two disease entities and may represent a genetic
determinant for the autoimmune component in this disease. In systemic
lupus erythematosis it was observed that the HLA-DRw2 and HLA-DRw3 antigens
were increased significantly in this population. Either one of the above
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two DRw antigens were present in the majority of patients with this disease.

In addition, it was observed that a single antisera, Ia715 detected an

antigen common to this disease state. This antigen does not detect either

the DRw2 or the DRw3 antigen in the normal population, and thus represents

a genetically controlled cell surface determinant distinct from the DRw

antigens. In family studies, where multiple individuals in a single family

had the disease entity, the Ia715, antisera reaction was found in all of

those individuals with SLE as well as those individuals demonstrating ele-

vated anti-nuclear antibodies. In the disease psoriasis, the patient popu-

lation was separated into those individuals demonstrating the skin lesions

only, and those individuals with psoriatic arthritis. The HLA CW6, B17,

DRw7 , antigens were found to be elevated in patients with psoriasis. In

patients with psoriatic arthritis, HLA CW6, HLA B38 and HLA DRw4 and DRw7

antigens were found to be increased in frequency. In addition to the above

findings, analysis of individual serologic reactions revealed an increased

frequency of certain B-cell alloantigens unrelated to the DRw specificities

which appear to be associated with this disease entity. The HLA profile

analysis has been performed on patients with insulin dependent diabetes

and separated into two groups depending on whether or not allergic mani-

festations to insulin or insulin components could be demonstrated. These

studies were done in collaboration with Dr. Alan Rosenthal and

Dr. Ronald Kahn. In studies in Dr. Rosenthal's laboratories, proliferation,

responses to beef, pork insulin components as well as protomine and the

C peptide of pork and beef have been performed. In Dr. Ronald Kahn's

laboratory antibody directed against the above antigens has been determined.

Analysis of HLA antigen profiles with either proliferative or antibody re-

sponses are now being undertaken. Preliminary results suggest the following:

individuals having allergic manifestations to pork insulin are predominantly

DRwl antigen positive. Those individuals who have a response to protamine

have increased frequency of DRw7 . The frequency distribution of individual

HLA alloantigens in the diabetic population demonstrating some allergic

manifestations to insulin appear to be different from the frequency dis-

tribution of HLA alloantigens in the diabe'tic allergic population.

The above observations suggested to us that more than one locus was re-

sponsible for the presence of the DRw antigens expressed preferentially on

B lymphocytes and monocytes. Sequential immunoprecipitation analysis reveals

the presence of three molecular components bearing the la determinants. The

cell source used was heterozygous DRwA , DRw6 and in addition to precipitating

the 29,000, 34,000 molecular components bearing these antigenic determinants

an additional antigenic component is precipitated migrates differently and

has an approximate M.W. of 31,000 and 25,000 daltons. The presence of three

molecular components and the differences in the size of these components

strongly suggests that at least two gene loci control the expression of B

cell alloantigens.

Isolated T cells grown in conditioned culture media have been shown to ex-

press the la alloantigens in quantities sufficient to be detected by cyto-

toxic assays. Resting T lymphocytes do not demonstrate the DRw or human

la antigens using the above assays. Using the more sensitive assay technique
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of flow microf luormetry, human la antigens were demonstrated on all
peripheral resting T cells. These results indicate that the human la or DRw
antigens are differentiation cell surface structures expressed preferentially
on subpopulations of l3rmphoid cells depending on the cell type or the
biologic activity of a particular subset of lymphocytes. This hypothesis
is extended in our studies of the la antigens on human acute lymphocytic
leukemia cells where it was observed that the human la antigens were ex-
pressed on the entire or subpopulation of the leukemic cells and the
expression was independent of other cell surface markers.

Amino acid analysis of the DRw antigens has resulted in the following ob-
servations. The 34,000 molecular weight component or alpha chain from in-
dividuals with different alloantigenic specificities shows a striking degree
of amino acid sequence homology through the first twenty residues. However,
the N-terminal amino acid sequence on the 29,000 molecular weight component
or beta chain has marked differences.

Serologic analysis of the HLA alloantigens isolated by the methods described
above for amino acid sequence analysis have resulted in the following ob-
servation. Beta 2 microglobulin appears to be an important structural com-
ponent in conferring alloantigen specificity. Heterologous antisera directed
against the HLA antigens react with the alloantigenic material with or with-
out the association of beta 2 microglobulin. Alloantisera do not react with
the HLA alloantigen molecule when the beta 2 microglobulin is separated. It

therefore appears that the beta 2 microglobulin confers important structural
constraints on the HLA antigenic molecule and may indeed confer allo-
antigenicity.

Significance to Biomedical Research and Program of the Institute : Human
B lymphocyte alloantigens appear to be analogous to the B cell alloantigenic
system in mice. Genes controlling these antigens in mice appear to be
linked to or associated with the ability of the animal to respond to

particular antigens. Identification of human alloantigens together with a

description of the fine structure of the genetic complex determining these
alloantigens may show association of immune response genes with HLA antigens
in man. Our studies in the three autoimmune disease entities described
above strongly indicate the presence of a specific B cell or human la allo-
antigens associated with the disease and thus may demonstrate a human immune
response gene. Studies in the diabetic population where specific allergic
manifestations to insulin or insulin components have been identified,
strongly indicate the presence of a specific immune response gene in man

The identification of la antigens on all peripheral blood cells independent
of other cell surface markers as well as the demonstration of quantitative
differences on subsets of Ijnnphocytes indicate as mentioned above that
these are differentiation antigens. The interaction of these cell surface
components in the immune response may indicate that these structures serve
some important immunologic control functions. Structural analysis of HLA
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alloantigens approaches several biologic questions. The protein structure

of cell membrane components of lymphocytes is unknown. The complete amino

acid sequence analysis of the HLA gene product(s) will mark the first such

study on Ijnnphocyte cell membrane components. The structural analysis of

the cell membrane components may provide information as to differences that

determine their individual antigenicity. The cell membrane structural

changes as well as antigenic changes are thought to occur in neoplasia.

Therefore the structural studies on HLA gene products may provide a prototype

for studies of antigenic changes that occur in neoplastic transformation.

Proposed Course of the Project : Studies in the various disease entities

mentioned above will be continued. The studies now will be directed

primarily at family studies in order to determine whether or not the disease

association with the HLA alloantigens is haplotype determined or whether

cooperative gene effects control at least in part the pathogenesis of the

disease. A continuation of the analysis of the large amout of data generated

from the study of diabetics with insulin allergies will be continued. This

study provides a unique opportunity to determine if a specific immune re-

sponse gene is responsible for the allergic state in these patients. Small

amino acid sequence differences are present in the beef and pork insulin.

The identification of a specific B cell alloantigen in individuals allergic

to a particular source of insulin will provide evidence for specific immune

response gene(s) in man. Studies will continue in attempts to demonstrate

biologic function of human la antigens. The role of these antigenic de-

terminants in cell/cell cooperation will be studied. A heterologous anti-

sera which identifies a structural component on human T cells that suppress

immunoglobulin production has been developed. This sera will be used to

study the structural component that identifies the Ijonphocyte cell popula-

tion with which it is associated and in addition this antisera is now

being used to assess the possible increase in a suppressor cell population

in several disease conditions. HLA antigen profiles will be determined

in family studies where more than one member of the family has demonstrated

a malignancy. Extensive studies have begun on families demonstrating

malignant melanoma or those individuals in the family having the pre-

malignant mole syndrome. In addition, families studies are underway where

several individuals within a particular family have Hodgkin's Disease.

Amino acid structural studies will be continued in isolated and- purified

HLA-A and HLA-B gene products as well as the determination of structural

and biochemical differences in the human la antigens controlled by the

DRw locus as well as the additional locus described in the section on

Major Findings. Attempts will be made to coorelate the molecular structure

with the property of antigenicity.
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Lunney, J., Mann, D. L. , Sachs, D. H. , Sharing of la antigens between species.

III. la specificities shared between mice and human beings. Scan. J.

Immunol. , in press

Sachs, D. H. , El-Gamil, M. Kiszkiss, P., Lunney, J. K. , Mann, D. L.

,

Ozato, K. , and Shinohara, N.: la antigen crossreactions between species.

In Bach, F. , Bonavida, B. , Vitetta, E. , and Fox, C. F. (Eds.): T and B

L;nnphocytes: Recognition and Function , Vol. XVI. New York, Academic

Press, 1979.
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.

Additional data and further analysis have upheld initial interpretations,
namely that (1) greater than 90% of melanoma patients receiving melanoma
vaccine generated cellular and/or humoral immune responses against one or

more of the vaccine cell lines; (2) PEL from melanoma patients who remain

in remission (except for those receiving chemotherapy) had a normal capacity
for generating cytotoxic cellular immune responses in vitro, and to this

extent were not immunosuppressed; and (3) treatment of melanoma patients
with a nonspecific Immunostlmulant (BCG) did not increase the average natural
killer cell or K cell (ADCC effector) cytotoxic immune activity. Moreover,
it now appears that levels of cellular immune cytotoxicity generated in situ
declined in vaccine patients near the time of clinically detectable relapse
and that primary in vitro cytotoxic cell responses against vaccine cell
lines were impeded a few months before clinically detectable relapse.
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Project Description

Objectives : The objectives of this project have been to carry out in vitro

tests for cytotoxic humoral and cellular immunity to determine 1) if patients

respond immunologically to the melanoma vaccine and 2) if immunologic

responsiveness correlates with disease progression. Patients being tested

are associated with an NCI melanoma immunotherapy protocol.

Methods Employed : 1) Diregt, Cell-Mediated Cytotoxicity : Cytotoxicity is

measured by the release of Cr from labelled target cells incubated overnight

with immune cells. Target cells are prepared from vaccine melanoma cell lines

maintained in tissue culture. Normal and immune lymphoid-attacking cells

are prepared from human peripheral blood. Peripheral blood cells are purified

by centrifugation with Ficoll-Hypaque. Studies of multiply transfused humans
have shown that cytotoxicity in this assay is specific for direct cell-mediated
reactions and independent of conventional complement, humor antibody, and

nonspecific toxins.

2) Lymphocyte Dependent Antibody (LDA) Mediated Cytotoxicity . This

cytotoxic pathway is also measured by a chromium release assay. After

Cr labelling melanoma target cells are washed by centrifugation and then

incubated for 1/2 hour with heat-inactivated serum or plasma containing LDA.

Target cells are again washed and then incubated with nonsensitized attacking

lymphoid cells from normal donors for 4 hours.

3) K Cell Activity . This test is basically carried out as an LDA
mediated cytotoxicity assay. Known LDA-containing, poly specific antisera from

multi-transfused donors are used as sources of LDA, and peripheral blood

lymphoid cells from melanoma patients are used as effector cells. By titering

the dose of effector cells, K cell activity (i.e., which will elicit LDA

mediated cytotoxicity) from patients' cells can be compared with the counterpart

from normal donors' cells.

4) Complement-Dependent, Antibody-Mediated Cytotoxicity . The complement

assay is a two-stage, "" Cr-microcytotoxicity test utilizing rabbit complement

and vaccine melanoma cell lines.

5) Natural Killer Cell Activity . Cytotoxicity is measured against an

allogeneic Cr labelled target cell, K562, known to be a sensitive indicator

for natural killer cell activity. The assay runs 6 hours and utilizes Ficoll-

Hypaque purified peripheral blood lymphocytes.

6) Cytotoxic Cellular Memory . Ficoll-Hypaque purified peripheral blood

lymphoid cells are mixed with x-irradiated or mitomycin C treated allogeneic

cells in medium with AB positive human serum. After 3 days co-incubation in

vitro, cells are harvested, adjusted to a known viable cell concentration, and

tested for cytotoxic activity against Cr-labelled target cells in an over-
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night direct cell-mediated cytotoxicity assay (see above). As in all of the
cell-mediated assays, panels of target cells are used to assess specificity
of the cytotoxic reactions.

Major Findings : As of December 1978, 130 melanoma patients were tested for
humoral and cellular activity against one or more of the vaccine cell lines.
Thirty of thirty-five patients who received the melanoma vaccine showed
significant cellular immune cytotoxic activity against at least one of the
vaccine cell lines. Only two of these patients had significant activity
before initiation of therapy. The time course of the cytotoxic cell response
was unique for each individual beginning as soon as two weeks after initiation
of therapy and continuing in an oscillating pattern in many patients throughout
therapy. Since levels of activity oscillated, with no significant activity
at times, identification of a "responding" patient was facilitated by use of
higher order statistics for analyzing peak levels of activity rather than
simply averaging all levels of activity. A significant decline in activity
was noted in patients receiving vaccine as they approached the time when
disease progression was clinically detectable. This decline was not suffi-
ciently apparent however to be of diagnostic value for the individual patient.
The magnitude of the cytotoxic cell response correlated with one technical
aspect of the assay, namely the time lapsed between drawing of the blood
specimen and the isolation of leukocytes. The activity decreased with the

lapsed time. Considering the group of 100 patients on the protocol who did
not receive the melanoma vaccine, there was no stimulating effect of other
forms of therapy (BCG, chemotherapy, or surgery alone) on cellular immune
cytotoxicity. Cytotoxic cellular memory, as evidenced by in vitro antigen

—

stimulated development of cytotoxic activity against vaccine cell lines, was
also evaluated. Half of approximately 30 patients receiving vaccine therapy
showed memory activity at some stage of treatment. Such memory activity was
undetectable in each of 80 patients not receiving vaccine. Tests for the
ability of PEL to generate primary cellular immune responses in vitro have
demonstrated that the average response of cells from patients tested within
a few months of the time of relapse (approximately 40 patients) appears to

be lower than the average response of cells from normal donors and patients
who remain in remission. An exception is those patients receiving chemo-
therapy, approximately 25, whose average response is clearly suppressed.

Significance to Biomedical Research and the Program of the Institute : In vitro
cytotoxicity tests are being used to assess the effectiveness of immunotherapy
for melanoma patients. These tests help determine 1) if patients are immuno-
suppressed; 2) if the level of immunosuppression correlates with disease
progression; 3) if a vaccine preparation is defective as indicated by failure
to stimulate responses in any patient; and 4) if the vaccine has provided non-
specific Immunostimulation.

Proposed Course of the Project : One professional level person will continue
for a terminal year in order to finish organization and analysis of the data.
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Electrical measurements of membrane potential and resistance of" neuroblastoma and

cultured muscle cells have been made using intracellular microelectrodes while

the cells are undergoing immunologic attack by antibody and complement and by

killer T lymphocytes . Membrane damage by complement is indicated by a rapid loss

of membrane potential and resistance which occurs 20-30 min prior to cell death

measured by dye uptake or phase microscopy. Alloantigen sensitized T lymphocytes

specifically cause membrane depolarizations of 20-40 mv lasting 3-30 sec within

minutes after contact with the target cells with only minor changes in resistance.

In some cases a complete and irreversible depolarization followed after 1-3 hrs.

Another approach to examining such membrane damage has been to study the escape of

markers from resealed erythrocyte ghosts being attacked by various lytic agents.

A series of fluorescent proteins and dextrans of various molecular weights was

resealed inside the ghosts; a sieving effect was revealed when small macromoleculejs

but not large ones were released by complement and by an antibody dependent

lymphocyte mediated process. Aqueous channels through the membrane having dia-

meters of 50A and 140A for complement and lymphocyte killing respectively are

suggested from the size cut-off of the protein markers.
PHS-6040
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Project Description

Objectives : Our overall objective is to define the mechanisms by which
lymphocytes destroy foreign cells. To this end we have dissected the killing
process into discrete steps which can be studied independently. In this

project we have concentrated on the membrane lesion induced by lymphocytes
in the target cell. Based on previous work by us and others, we hypothesize
that killer lymphocytes implant "ionophoric" molecules into the target cell
membrane, making the membranes leaky to ions and leading to colloid osmotic
lysis. This is analogous to the mechanism of complement lysis. This project
seeks experimental support of this hypothesis by examining target membrane
damage by electrical measurements and by chemical studies of permeability.

Methods Employed : Two principal approaches have been taken towards these
objectives. In the first we have used standard methods of electrophysiology
for intracellular electrical recording from large target cells (primary
cultured muscle cells, neuroblastoma cells). In the complement experiments
the cells are TNP modified and coated with anti-TNP, and then electrical
recording begun followed by addition of complement. For the killer T lympho-
cyte experiments, spleen cells are sensitized against irradiated allogeneic
spleen cells of the same H-2 type as the target in a 5 day in vitro culture.
Such killer lymphocytes are added to the medium over a target cell which
has been penetrated by a microelectrode. The other approach has involved
making simple membranes as targets for antibody dependent cell mediated
cytotoxicity (ADCC). In this approach, TNP modified erythrocyte ghosts were
prepared and resealed with a mixture of carboxyfluorescein and rhodamine
modified protein inside. The release of these two fluorescent markers are
followed by fluororaetry of the supernatant and by fluorescent microscopy of
the ghosts. We have studied the size dependence of marker release mediated
by anti-TNP and complement, anti-TNP and human peripheral blood lymphocytes
as well as by detergents, lytic antibiotics and other compounds.

Major Findings : The membrane electrical events of target cells being
attacked by cytotoxic T lymphocytes are distinctly different from those
we reported last year for complement. The specific interaction between
the killer lymphocytes and target gives rise to a series of large (20-40mv)
reversible depolarizations in the target cell membrane lasting 3-30 sec.
Such depolarizations continue sporadically for over an hour. There is no
large decrease in membrane resistance during this time. In about one-quarter
of these recordings we have observed complete and irreversible loss in

membrane potential and resistance; this occurred 78-140 min after lympho-
cytes were added and appear to correspond to target cell death. In many cases
where this was not observed it is probable that the experiment was not carried
out long enough. At present it is not clear if the initial reversible
depolarizations reflect membrane damage inflicted by the killer lymphocytes
or are a consequence of the specific recognition. Our other approach to

immunologic membrane damage using marker release from resealed erythrocyte
ghosts has shown clear evidence for aqueous channels inserted in the
membrane by complement and lymphocyte ADCC. Complement releases cell
implies a 50 A diameter channel. Lymphocytes release all proteins up to
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480,000 MW, but not those of 650,000 W,^ or greater, implying a channel of

140 A diameter. Neutrophil effector cells show identical size dependence

to lymphocytes, while monocyte effector cells cause slightly smaller holes

(cut off between 250,000 and 480,000 MW). Using this system we have also

detected membrane channels formed by polyene antibiotics and by very low

concentration of some detergents (e.g., Triton xlOO).

Significance to Biomedical Research and the Program of the Institute : The

process of lymphocyte destruction of foreign cells may be one of the most

important mechanisms for the immunological rejection of allografts and

tumors in vivo. Studies such as ours of the details of this process can

be carried out in vitro and studied at the cellular and molecular level.

Such studies are needed to complete our basic knowledge of the details

of this important immunological defense process. Our studies have clearly

shown that the target cell membrane is probably the primary target of

killer lymphocyte attack, and the present studies have enabled us to

clarify the nature of the membrane lesion by rigorous methods. Our recent

results reinforce the concept that cell mediated killing acts by implanting

a discrete pore in the target membrane and thus is parallel to the mechanism

of complement mediated killing.

Proposed Course of Project : Further electrical studies of target cell

membranes undergoing attack by cytolytic T lymphocytes are in progress.

We are trying to improve the technique for visualization of the target

cell by phase microscopy, which is currently difficult because of the

large number of lymphocytes required. Good visualization of target

cell death will allow a better correlation of electrical events with
target cell injury. More detailed electrical recordings will help decide

if the depolarizations are a consequence of membrane injury. In the

other system, we are starting to measure the ability of macromolecules
to penetrate into the resealed ghost. This will allow us to attempt

to block the complement pore with antibodfes to complement components

as well as to extend this approach to more complex cells which have

been injured by immunologic means (but before they lyse). By this means

we hope to see if T lymphocytes also work by making holes in the target

cell membrane.

Publications

Nelson, D. L. , Poplack, D. G. , Holiman, B. J. and Henkart, P. A.: ADCC

against human erythrocyte target cells: role of the anti-target cell

antibodies in determining Ijnnphocyte killer activity. Clin. Exp. Immunol .

35:447-453 (1979).

Stephens, C. L. and Henkart, P. A.: Electrical measurements of complement-

mediated membrane damage in cultured nerve and muscle cells. J. Immunol.

122:455-458 (1979).
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SUMMARY OF WORK (200 words or less - underline keywords)
Studies are being directed toward understanding the major histocompatibility
complex , the structure and function of the products of this complex, and
manipulations of immune responses to these products. Current studies include:
1) Characterization of major histocompatibility antigens: Congenic resistant
strains of mice are developed, maintained, and used to produce antisera detect-
ing the products of limited regions of the MHC, namely H-2 and la antigens.
These antisera are then used in serologic and immunochemical analyses of the
MHC products of the mouse. Crossreactions of these reagents with MHC products
of other species are also examined; 2) Studies of monoclonal antibodies to H-2
and la antigens: Hybridoma cell lines are produced by fusion of immune mouse
spleen cells with mouse myeloma cells. The monoclonal anti-H-2 and anti-la
antibodies produced by these hybridomas are analyzed by serologic and immuno-
chemical means and are used to further characterize the fine structure of the
MHC; 3) Characterization of receptor sites for histocompatibility antigens:
Anti-idiotypic antisera are being produced against anti-H-2 and anti-la hybri-
doma antibodies, and the effects of these antisera on in vitro and in vivo
parameters of histocompatibility are being assessed.

PHS-6040
(Rev. 10-76)
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Project Description

Objectives: 1) To produce antibodies against the products of defined regions

of the major histocompatibility complex. 2) To characterize the reactions of

these antibodies with the cell surface of lymphocytes, and to determine the

nature of the cells bearing individual antigens. 3) To characterize the prod-

cts with which these antibodies react by immunochemical means. 4) To attempt
to produce anti-idiotypic antibodies against the receptors on these antibodies
which detect cell surface histocompatibility antigens.

Methods Employed: 1) Congenic resistant strains of mice differing only at

their major histocompatibility loci have been reciprocally immunized in order

to produce antibodies of known, restricted specificity. The antibodies have

been characterized by assays of complement-mediated lymphocyto toxicity and by
fluorescence microscopy using a fluoresceinated rabbit antimouse immunoglobulin

as a developing agent.

2) Hybridoma cell lines are obtained by fusion of immune mouse splenic
lymphocytes with mouse myeloma cells (SP2/0, P3U1, and NSl) . The cells are

mixed and exposed to polyethylene glycol, 30% for 8 minutes, and fused cells
are then cultured in the presence of a selective medium (HAT) for 2 weeks in

microtiter wells. Hybridoma cells secreting anti-MHC antibodies are detected
by a complement-mediated cytotoxicity assay on individual microwell supernatants

,

Positive cultures are then sequentially cloned in vitro and in some cases passed

in vivo to produce large amounts of ascites hybridoma antibodies.

3) Cell surface antigens reactive with anti-H-2 and anti-la antibodies and
monoclonal antibodies are isolated and studied immunochemically. Cells are

labeled in vitro with -^H-leucine, solubilized in a nonionic detergent, purified

by lentil lectin chromatography, and then mixed with the antibodies being

analyzed. Complexes are precipitated with Staphylococcus aureus Cowan I strain

which contains protein A on its surface, and the precipitated complexes are

then dissociated in SDS and mercaptoethanol and analyzed by polyacrylamide gel

electrophoresis.

4) Hybridoma antibodies against H-2 and la antigens are purified by affinity
chromatography on protein A Sepharose columns and are then used_ to immunize
heterologous animals. Pig, rabbit, and goat antihybridoma reagents have been

produced. These reagents are absorbed exhaustively on normal immunoglobulins

or myeloma proteins in order to remove anti-isotype and antiallotype anti-

bodies, and the putative anti-idiotypic antibodies are then absorbed and

eluted from the relevant hybridoma antibody. These anti-idio types are then

analyzed by hemagglutination and hemagglutination inhibition assays using cells

to which the immunizing hybridoma, different hybridomas, or normal immunoglobu-
lins have been coupled.

5) Cell-mediated cytotoxicity assays are carried out using mouse splenic
lymphocytes as both responders and stimulators. The effects of antibodies to

cell surface antigens at both the target and killer cell level are analyzed in

the 4 hour cytotoxicity assay.
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Major Findings : 1) Antibody responses to at least 2 H-2 public specificities
have been shown to be genetically controlled by non-H-2-linked genes.

2) Crossreactions have been detected between the la antigens of mice and those
of several other species, including rat, pig, and human being.

3) Analysis of anti-H-2 antisera by gel electrophoresis of labeled cell
surface antigens has demonstrated a new H-2 product determined by a locus
within the D region, named H-2L .

4) A mutant mouse, the BALB/c-H-2 , has been found to lack all specificities
associated with the L molecule. This animal has then been used to produce
antisera to the L antigens, and the distribution of these antigens among dif-
ferent haplotypes has been assessed.

5) Antibodies directed against the killer cell have been shown to block cell-
mediated cytotoxicity against the H-2 products. The specificity of these anti-
sera has been shown to be directed to a product of a gene closely linked or
identical to the Ly-2 locus.

6) Fusion of spleen cells from mice hyper immunized against H-2 antigens and
boosted 2-3 days before fusion has been found to give satisfactory results in
the production of anti-H-2 hybridomas. Eleven stable hybridomas have so far
been produced, all of which detect H-2 or la antigens. So far the panel
testing has indicated that all of these antibodies react with public specifi-
cities of the H-2 and la antigens.

7) Anti-idiotypic antibodies reactive with two of the hybridoma anti-H-2
antibodies have been produced and shjDwn to be specific by hemagglutination
inhibition assays.

Significance to Biomedical Research and the Program of the Institute : 1 ) The
H-2 and la antigens are cell surface determinants which appear to be involved
in physiologic cell-cell interactions in the immune response. Therefore, anti-
sera against these antigens provide tools for dissecting the mechanism of these
cell interactions and possibly for modifying responses.

2) The specificity of the receptor for histocompatibility antigens should
reside in the variable portion of the heavy and light chains of the relevant
antibody molecules. Thus, anti-idiotypic antibodies against such receptors
might be expected to distinguish those cells capable of reacting against
individual histocompatibility antigens. Such antibodies, if obtained, could
thus provide an approach to modification of the immune response to cell
surface antigens.

Proposed Course of Project : 1) Backcrosses of congenic resistant lines will be
examined for further recombinants within H-2 and I regions. Recombinants will
then be examined for further fine structure analysis of the MHC and for the
production of antisera against new H-2 and la specificities.
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2) The effects of anti-H-2 and anti-la antibodies in the blocking of MLC and
CML reactions will be examined. In particular, the use of monoclonal anti-H-2
and anti-la antibodies may help to determine whether the same or different
determinants are responsible for killing mediated by antibodies and by
cytotoxic cells.

3) Anti-idiotypic antibodies directed against anti-H-2 and anti-la receptors
will continue to be produced and studied. These reagents will be examined
for reactions with antibodies produced in conventional immunization schemes
in order to determine the prevalence of the individual combining sites.

4) The effects of anti-H-2 and anti-la anti-idiotypic reagents on MLC and CML
reactions will be examined, in order to detect possible sharing of idiotypes
between T and B cell receptors.

5) Strain distribution studies and immunoprecipitation analyses will be used
in order to determine the extent of heterogeneity of the newly defined H-2L
locus

.

6) Further fusions of immunized cells from a variety of different strain
combinations will be performed in order to produce additional monoclonal hybri-
doma antibodies to a variety of H-2 and la specificities. The library thus
obtained will be screened by serologic and immunochemical means in order to

further characterize the products of the MHC.

Publications

Hansen, T. H. , and Levy R. B. : Alloantigens determined by a second D region
locus elicit a strong in vitro cytotoxic response. J. Immunol. 120: 1836-
1840, 1978.

Flaherty, L., Zimmerman, D. , and Hansen, T'. B. : Further serological analysis
of the Qa antigens: Analysis of an anti-H-2. 28 serum. Immunogenetics : 6:

245-251, 1978.

Levy, R. B. , Shearer, G. M. , and Hansen, T. H. : Properties of H-2L locus
products in allogeneic and H-2 restricted trinitrophenyl-specif ic cytotoxic
responses. J. Immunol . 121: 2263-2269, 1978.

Biddison, W., Hansen, T., Levy, R. , and Doherty, P.: Involvement of H-2L gene
products in virus-immune T-cell recognition. Evidence for an H-2L- restrie ted
T cell response. J. Exp. Med . 148: 1678-1686, 1978.

Ahmann, G. B., Sachs, D. H. , and Hodes, R. J.: Genetic analysis of la

determinants expressed on Con A-reactive cells. J . Immunol . 121: 159-165,
1978.
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1472, 1978.

Sachs, D. H. : Report of la nomenclature workshop session. J. Immunol. 121:
1625-1626, 1978.

Ahmann , G. B. , Sachs, D. H. , and Hodes, R. J.: Requirement for an la-bearing
accessory cell in Con A-induced T cell proliferation. J. Immunol. 121: 1981-
1989, 1978.

Cowing, C, Pincus, S. H. , Sachs, D. H. , and Dickler , H. B. : A subpopulation
of adherent accessory cells bearing both I-A and I-E or C subregion antigens
is required for antigen-specific murine T lymphocyte proliferation.
J. Immunol . 121: 1680-1686, 1978.

Shinohara, N., Hansen, T. H. , Schurko, E., McKenzie , I. F. C, and Sachs,
D. H. : Genetic control of the immune response to the H-2D private specifi-
city, H-2. 32. II. Genetic linkage analysis of a backcross generation.
J. Immunol . 121: 2472-2476, 1978.

Kim, K. J., Kanellopoulos-Langevin , C. , Merwin , R. M. , Sachs, D. H. , and
Asofsky, R. : Establishment and characterization of BALB/c lymphoma lines
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SUMMARY OF WORK (200 words or less - underline keywords)
A breeding program has been carried out starting with two miniature pigs from
different sources and selecting offspring according to tissue typing procedures
aimed at defining the major histocompatibility complex of this species. By this
procedure three herds of miniature swine , each homozygous for a different set

of histocompatibility antigens at the MHC have been developed. MLC reactions,
serologic typing, and skin graft survival times all indicate that these
animals are homozygous for a major histocompatibility locus analogous to HL-A
of man or H-2 of the mouse. Current projects include: 1) Assessment of survival
of organs and tissue transplants among and between members of these herds as a

model for tissue typing and transplantation; 2) Purification and characteriza-
tion of the major histocompatibility antigens of this species, and isolation
and characterization of peptides from these antigens for sequence analyses and
for assessment of immunologic reactivity, and 3) Assessment of the immunologic
parameters involved in tolerance to liver allografts in this species. Inbreedingm brother-sister fashion within each of these herds will be continued with the
ultimate goal of establishing truly inbred animals if possible.
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Project Description

Objectives: To develop and maintain three strains of miniature swine, each
homozygous for a different set of histocompatibility antigens at the major
histocompatibility locus (MSLA) . The animals are used for in vivo experiments
in organ and tissue transplantation and as a source of large numbers of cells
from which cell surface antigens are isolated, purified, and characterized
chemically.

Methods Employed : Unlike classical inbreeding schemes which require about
twenty generations to produce homozygosity, the approach being used with these
swine involves selective breeding on the basis of histocompatibility typing of
parents and offspring.

Four males and four females were purchased from commercial sources, and mating
pairs were selected to be as varied as possible in order to assure the
selection of different histocompatibility genes. Skin grafts were exchanged
between the members of each pair and sera were obtained from the animals two
weeks after the rejection of the grafts. The sera were tested for cytotoxic
antibodies by lymphocyto toxic typing, and pairs which produced strong
cytotoxic antibodies were bred.

Offspring from each breeding were tested serologically to determine which
histocompatibility antigens had been inherited from the parents, and offspring
which could be shown to possess the same antigen combinations were selected
for further breeding. This process has now been repeated for six consecutive
generations

.

Transplantation of tissues in these animals has been performed in the large
animal facility of the Surgery Branch in Building 14. Methods have been
developed for the transplantation of split thickness skin grafts from the ear
to the dorsal thorax. Allografts are always placed side by side with auto-
grafts as a control. The use of ear skin permits very accurate assessment
of viability of the grafts and determination of rejection times. Surgical
techniques for vascularized grafts (kidney and liver) are being developed.

Chemical purification studies on swine transplantation antigensare being
performed using detergent solubilized cell surface preparations from spleen
and lymph node cells. Initial studies involved radiolabelling of the surface
antigens with tritiated leucine by published methods, and the assessment of
molecular weight of those components which react with alloantisera by the use
of SDS polyacrylamide gels.

In order to produce large quantities of histocompatibility antigens without
the use of radiolabeled amino acids, membranes have been prepared from
lymphoid organs and solubilized with detergents. The extracts were then
purified by lentil lectin chromatography and then by affinity chromatography
on anti-32 microglobulin columns. Sera produced between outbred swine which
react with public specificities shared in the inbred minipig population are
being used to separate products of different histocompatibility loci. Methods
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are also being developed for the preparation and isolation of peptides from
these isolated antigens.

Major Findings : 1) Breeding of further generations has continued to be
successful. Typing of the fourth generation offspring yielded three
breeding pairs of animals homozygous for serologically determined transplanta-
tion antigens. We therefore now have the capacity to breed three different
herds of swine, each homozygous for a different MSLA antigen.

2) Skin graft survival has been found to be prolonged within each of the
homozygous herds. The mean survival time for grafts within homogyzous herds
was 11.8+.89 days, while the mean survival time of skin grafts between animals
of the three different herds was 7.0+. 36 days.

3) Renal allografts within the DD homogyzous herd appeared to survive
indefinitely despite minor histocompatibility antigen differences. Rejection
occurred following allografts within the other two herds, with variable kidney
survival times.

4) Skin grafts to DD recipients maintaining a DD allografted kidney showed
marked prolongation of survival. DD kidneys transplanted after skin graft
rejection by DD recipients were rejected in hyperacute fashion, but no
antibody was detectable.

5) Alloantisera between the three herds have been analyzed by gel electro-
phoresis using detergent solubilized cell surface antigen preparations. Peaks
were obtained at 45,000 molecular weight corresponding to the mouse H-2
antigen analog. Peaks at 35,000 and 28,000 molecular weights corresponding
to mouse la antigens were also observed. Both by size criteria and by genetic
criteria these antigens thus appear to be the precise homologs of H-2 and la
antigens of the mouse.

6) Milligram quantities of unlabeled histocompatibility antigens have been
prepared from individual pig spleens by lentil lectin chromatography and anti-
82 microglobulin affinity chromatography. The material eluted from these
columns has been shown to consist predominantly of 42,000 and 11,000 dalton
molecules and has been assessed immunologically by its ability to inhibit
complement-mediated lysis of pig cells by anti-MHC antisera.

7) Liver allografts in outbred swine have now become technically successful,
and assessment of liver grafts in the partially inbred herds is being carried
out

.

Significance to Biomedical Research and the Program of the Institute : One of
the major problems in the study of cell surface antigens of human beings is
lack of control of genetic constitution. The use of mice and rats as
experimental models avoids this problem, but creates two new ones: 1) physio-
logically and anatomically these animals are often so different from human
beings as to make comparisons and applications of findings difficult. 2) The
size of these rodents makes it extremely difficult to obtain sufficient cells
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and tissues to permit quantitative chemical characterization of relevant cell
surface antigens.

For both of these reasons it is desirable to have animals of size comparable
to human beings, whose genetic constitution with respect to histocompatibility
can be controlled. The miniature pig, which attains an adult weight of about
200 lbs, is ideal for this purpose, and to date the experimental breeding
pattern outlined above appears to be working well.

The availability of large quantities of MHC antigens will make it possible to

determine the effects of soluble antigen and possibly of peptides from these
antigens on tissue transplantation. This will be assessed both by in vitro
assays (MLC and OIL), as well as in vivo in the transplantation models which
have now been developed in these swine.

Proposed Course of Project : The breeding plan and typing will be continued.
Lines will be established and separated, so that herds of any required size
in each line can be produced.

Experiments in collaboration with the Surgery Branch will be continued in
order to: 1) characterize the immune response to transplantation of skin,
kidney, and liver in pigs across defined histocompatibility differences, and
2) to determine the basis of liver allograft tolerance which has previously
been reported in pigs.

Studies of the MSLA antigens at the biochemical level will be continued.
Using the isolated unlabeled histocompatibility antigens, we will begin to

prepare peptide fragments of these antigens and to analyze these fragments
for immunologic reactivities. An attempt will be made to localize those
determinants involved in serologic assays (by inhibition of complement-
mediated lysis), as well as in cellular assays (CML and MLC). The antigens
will also be subjected to sequence analysis in an attempt to determine the
structural basis for antigenicity in this system.

Publications

Leight, G. S., Kirkman, R. , Rasmusen, B. A., Rosenberg, S. A., Sachs, D. H.

,

Terrill, R. , and Williams, G. M. : Transplantation in miniaturer swine. III.
Effects of MSLA and A-0 blood group matching on skin allograft survival.
Tissue Antigens 12: 65-74, 1978.

Lunney, J. K. , and Sachs, D. H. : Transplantation in miniature swine. V.

Characterization of la antigens. J . Immunol . 122: 623-627, 1979.

Kirkman, R. L., Flye, M. W., Williams, G. M. , Colvin, R. B., and Sachs, D. H.

:

Evidence for cellular immune mechanisms in hyperacute rejection of renal
allografts in miniature swine. Transplant. Proc . 11: 790-792, 1979.

Kirkman, R. L., Colvin, R. B., Flye, M. W., Leight, G. S., Rosenberg, S. A.,
Williams, G. M. , and Sachs, D. H. : Transplantation in miniature swine. VI.
Factors influencing survival of renal allografts. Transplantation , in press.
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mechanisms in hyperacute rejection of renal allografts. Transplantation , in
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A controlled, randomized trial comparing immunotherapy to chemotherapy in

s tage I and stage II malignant melanoma has been initiated. A total of 156

patients have entered the trial, but it is too early to evaluate the results.

431
PHS-6040
(Rev. 10-76)



Project No. ZOl-CB-05033-08 I

Project Description

Objectives : This project is designed to study various approaches to the

immunotherapy of human malignancies.

Methods Employed : A new protocol (designed IB-2) was initiated in August
1975. This protocol will evaluate the effect of two types of immunotherapy
or one type of chemotherapy on the remission duration and survival of

patients with stage I (level 4 or 5) and stage II malignant melanoma.
Patients are stratified by stage, site of primary, and for stage II patients,
presence or absence of clinically palpable lymph nodes and the number of
histologically positive lymph nodes. Following stratification, they are
randomized to receive no further therapy (this is standard treatment for
these patients) or chemotherapy with methyl-CCNU or immunotherapy with BCG,
or immunotherapy with BCG plus a vaccine that consists of three tissue
culture-grown allogeneic melanoma cell lines. These cell lines were a gift
from Dr. Donald Morton, UCLA, and are grown in PPLO-free conditions at
Litton Bionetics, Inc., under the supervision of Dr. Edwin Matthews. Cells
are treated with the enzyme neuraminidase to remove sialic acid (and thus
render them more immunogenic) and frozen until ready for use.

All patients are worked up by the Immunology Branch or the Surgery Branch.
Following randomization, they are assigned to the Medicine Branch for
chemotherapy, the Immunology Branch for immunotherapy, and the Surgery
Branch for follow up if there is no further treatment.

Bloods are drawn during pre-randomization work-up and throughout the
treatment cycle for the purpose of serum banking.

Major Findings : As of April 15, 1979, 156 patients have been randomized
into this protocol. The state of the trial is summarized in the following
table:

Control MeCCNU BCG BCG & Vaccine
Total Patients Entered 40 37 40 39
Recurrences 19 14 23 15
Deaths 11 9 15 12

In vitro assays have only been carried to the point of indicating that
patients are being effectively immunized with the vaccine (see Project No.

ZOl-CB-05016-10 I). In addition, PPD tests indicate that all patients
receiving BCG have converted to a positive skin test.

Significance to Biomedical Research and the Program of the Institute :

Immunotherapy studies will explore the clinical effectiveness of
manipulating the immune system in patients with cancer, and will also
provide new information about the biology of the tumor-host relationship.

Proposed Course of Project: The IB-2 protocol will be continued.
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Terry, W.D. and Yamamura, Y. (Eds.): Immunobiology and Immunotherapy of
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UMMARY OF WORK (200 words or less - underline keywords)

The long terra goal is to characterize and isolate human lymphocyte subpopulations
and evaluate the function of these populations in the immune response of both
normal and diseased individuals. Recent work under this project has shown that
anti-HL-A alloantisera contain antibodies against antigens which are found
primarily on B lymphocytes and which are associated with B lymphocyte Fc

receptors. In addition it was found that the Fc receptors of B lymphocytes
and UL cells differ both in their avidity for Ij^ complexes and in the fact
that the Fc receptors of UL cells do not appear to be associated with "la-like"
jantigens. Human peripheral blood mononuclear cells cultured in vitro with the
antigen KLH-TNP generated significant numbers (compared to controls without
^ntigen) of plaque-forming cells measured with SRBC coated with staph protein A
in the presence of rabbit anti-human Ig, but not when measured with SRBC or
SRBC-TNP.

?SS-o04C
(Rev. 10-75)

434



Project No. 2O1-CB-05034-07 I

Project Description

Objectives: To characterize and isolate human lymphocyte subpopulations and

evaluate the function of such populations in the immune response in both

normal and diseased individuals.

Methods Employed: Ljonphocytes from normal human donors were reacted with

alloantisera and then evaluated for the presence of bound antibody and

function of Fc receptors by fluorescent techniques. Alloantisera were

fractionated by absorption with and elution from platelets. Antigen-

antibody complexes and double marker fluorescence techniques were used to

evaluate the avidity of lymphocyte subpopulations for Ig complexes. Human
peripheral blood mononuclear cells were cultured in vitro with or without

soluble protein antigens in order to generate antibody secreting (plaque-

forming) cells measured in a plaque-forming cell assay using a variety of

indicator cells. Subpopulations of lymphocytes were purified or depleted

using a variety of techniques including gradient centrifugation, rosetting,

anti-Ig columns, G-10 Sephadex columns, nylon wool columns and adherence.

Various markers were employed to evaluate purity of populations including
fluorescent detection of surface Ig and Fc receptors, E-rosette formation

with SRBC and latex particle ingestion.

Major Findings: Certain anti-HLA alloantisera contained antibodies which

inhibited the binding of complexed Ig to B lymphocyte Fc receptors. After

absorption with platelets the alloantisera lost HLA reactivity but retained

the ability to react with B lymphocytes and inhibit Fc receptor function.

Conversely, the HLA antibodies eluted from platelets reacted with all

lymphocytes but did not inhibit binding to Fc receptors. The Fc portion of

the inhibiting antibodies was not required since F(ab')-, fragments also

produced inhibition. These data suggest that human B lymphocytes bear "la

(immune response gene associated) like" antigens and that these anigens

are associated with B lymphocyte Fc receptors. B lymphocytes and UL cells

were shown to have Fc receptors which were distinct. UL cells' Fc receptors

had a much higher avidity for Ig complexes and were not associated with "la

like" antigens. These differences may be of functional importance.

Human peripheral blood mononuclear cells from several normal individuals

have been cultured in vitro with or without antigen (KLH-TNP). Those

cultures with antigen generated significant numbers (compared to controls

without antigen) of antibody secreting cells as measured in a plaque-forming

cell assay. Plaque forming cells were observed using SRBC coated with staph

Protein A in the presence of rabbit anti-human Ig but not with SRBC or SRBC-

TNP. A culture period of 6 days, antigen concentration of 10-50 ug/ml, and

a cell concentration of 2.5x 10 /ml were found to be optimal.

Significance to Biomedical Research and the Program of the Institute :

Characterization and isolation of lymphocyte subpopulations is of fundamental

importance for an understanding of the nature of the immune response. By

analogy to the murine system, identification of human alloantigens associated

with Fc receptors, and primarily expressed on B cells may be important for
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understanding immunoregulation and interactions between immunocompetent
cells, and may help characterize the genes responsible for such regulation.

Proposed Course of Project : Due to time commitments to other projects, this
study is not currently being pursued. However, when time and personnel
permit, the proposed course will be: (1) The antigen-driven plaque-forming
cell response will be used to evaluate the conditions (including various pro-
portions of B and T lymphocytes and accessory cells) needed to obtain antigen-
specific plaque-forming cell responses to soluble protein antigens in vitro
using human peripheral blood cells. (2) If in vitro antibody responses to
soluble antigens can be obtained, this system will be used to evaluate a) Ir
gene function in man; b) the role of various cell populations in the antibody
response in man; and c) the role of Ir genes in human disease.

436



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 05035-07 I

PERIOD COVERED

October 1, 1978 to September 30, 1979

TITLE OF PROJECT (80 characters or less)

Characterization of the Lymphocyte Receptor for Complexed Immunoglobulin

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: H. B. Dickler
Other: R. J. Klingenstein

D. H. Sachs

D. L. Rosenstreich

Senior Investigator I NCI
Clinical Associate I NCI
Chief, Transplantation Biology

Section I NCI
Senior Investigator LMI NIDR

COOPERATING UNITS (if any)

A. Ahmed, Department of Clinical and Experimental Immunology,

Naval Medical Research Institute, Bethesda, MD 20014

LA8/BRANCH

Immunology Branch

INSTITUTE AND LOCATION

NCI, NIH, Bethesda, Maryland 20205

TOTAL MANYEARS:

1.50
PROFESSIONAL:

1.25 0.25

CHECK APPROPRIATE BOX(ES)

n (a) HUMAN SUBJECTS

(al) MINORS D (a2) INTERVIEWS

n (b) HUMAN TISSUES ]£] (=) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords) ._..

.

The goals of this project are to characterize l3nnphocyte Fc receptors genetically

and functionally. Recent findings indicate that the Fc receptors of B cells

and T cells but not UL cells nor macrophages are associated with la antigens .

In addition, a subpopulation of UL cells, the effector cells in antibody-

dependent cell-mediated cytotoxicity , was shown not to bear la antigens. In

the case of the B cell, the Fc receptors and la antigens appear to be

distinct molecules, and the association appears to be ligand induced.

There is also a single pol3nnorphic non-H-2 locus which determines at least

4 distinct antigens associated with the Fc receptor. This locus is closely

linked to the M locus and more distantly linked to the Sas-1 locus ,
placing

it on mouse chromosome 1. Studies with pharmacologic agents suggest that B

lymphocyte Fc receptors are affected by the lymphocyte cytoskeleton, but

that cytoskeletal structures do not play a role in the interaction between

la antigens and Fc receptors. These findings Indicate that Fc receptors

may play a key role in immunoregulation .
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Project Description

Objectives: 1) To evaluate the genotypic and phenotypic expression of the Fc

receptor; 2) to evaluate the role of this receptor in the immune response.

Methods Employed: Heat-aggregated immunoglobulin and/or antigen-antibody
complexes are fluorochrome or radioactive isotope labelled, and then allowed
to interact wtih isolated lymphocytes or macrophages from animals. Binding
is assayed by U.V. and phase microscopy, the Fluorescence Activated Cell

Sorter (FACS), or by isotope counting. The interaction is studied by manipu-
lation of the conditions of interaction, and by immunologic and chemical
modifications of both lymphocytes and complexes. Genetic studies are carried
out utilizing inbred, congenic, and/or recombinant mouse strains. Function-
ally, the effect of Ig complexes on the humoral immune response (plaque-
forming cell assays) and antibody dependent cell-mediated cytotoxicity (ADCC)

are analyzed. The techniques of complement and antibody mediated cytolysis
and immunoprecipitation are also employed.

Major Findings : The Fc receptors of murine B lymphoyctes are associated. with
la antigens in that anti-la antibodies specifically inhibit binding of Ig

complexes to Fc receptors. However, the two moieties appear to be distinct
molecules in that capping most Fc receptors does not appear to alter the dis-
tribution of la antigens. In addition, quantitative analysis of la antigens
using the FACS before and after binding of complexes to Fc receptors and/or
capping Fc receptors did not alter the amount of la antigens detected. Thus,
since the two moieties appear distinct, and since inhibition of detection of

la antigens was not detected upon binding of complexes to Fc receptors, the

association does not appear to be steric in nature. The most plausible
explanation for the inhibition of detection of Fc receptors by anti-la anti-
bodies is that the binding of a ligand to la induces an association with Fc

receptors.

Antigens determined by at least one polymorphic non-H-2 locus are also
associated with B cell Fc receptors. The antigens determined by this locus

appear to be mainly expressed on B lymphocytes and appear to be distinct from
Fc receptors on the basis of capping experiments. The locus itself is not

linked to the major histocompatibility complex, the Ig allotype- locus and is

not sex-linked. It is, however, closely linked to the M locus, and more
distantly linked to the locus controlling the serum protein Sas-1. This study
would place this non-H-2 locus on mouse chromosome 1.

A portion of T lymphocytes also have Fc receptors but these appear to be

of either lower affinity or are present in fewer numbers per cell than the Fc

receptors of B lymphocytes. They also appear to be associated with la antigens
on certain T lymphocytes.

The Fc receptors of macrophages and UL cells do not appear to be associated
with la antigens. In addition, most UL cells including those that mediate ADCC
lack la antigens.
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Several pharmacologic agents (the combination of colchicine and cyto-
chalasin B, the Ca ionophoric A23187, and the local anesthetic lidocaine)
markedly affect the ligand induced redistribution of Fc receptors on B

lymphocytes. The effects were similar to those observed for surface immuno-
globulin. These results suggest that ligand bound Fc receptors are affected
by cytotskeletal structures and that the redistribution of two distinct B

l)Tnphoycte surface receptors occurs by similar or identical mechanisms.
The interaction between la antigens and Fc receptors was not affected by
these same agents, suggesting that the interaction between these two surface
moieties is not mediated by the cytoskeleton.

Significance to Biomedical Research and the Program of the Institute : The
receptor for complexed antibody has been shown to play a key role in antibody-
dependent cell-mediated cytotoxicity. This immunologic mechanism may play an
important part in host response to tumors. The Fc receptor/la antigen
association is hypothesized to be important in regulation of the humoral immune
response and collaborations between immunocompetent cells.

Proposed Course of Project : 1) Studies of the la-Fc relationship by capping
of la antigens and other cell surface markers followed by evaluation of Fc
receptors. The recent observations that protein A from Staphylococcus aureus
prevents binding of immunoglobulin to Fc receptors and that la antigens can be
detected by anti-la antibodies bound to fluorescein-conjugated protein A
makes these studies feasible. 2) Analysis of the requirements for alteration
or aggregation of Ig which allow binding to Fc receptors. 3) Analysis of the
role of Fc receptors in regulation of the immune response using various
functional assays.

Publications

Klingenstein, R. J. and Dickler, H. B. : The effects of pharmacologic agents
on immune complex induced redistribution of B lymphocytes Fc receptors.
Scand. J. Immunol., in press.
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SUMMARY OF WORK (200 words or less - underline keywords)
Antibodies directed against idiotypic determinants on anti-stap"hylococcal

nuclease antibodies from different mouse strains have been produced in rats and

in pigs. The idiotypes are detected by hemagglutination assays and by the

inhibition of antibody-mediated inactivation of nuclease. The latter assay is

specific for the combining sites (variable regions) of antinuclease antibodies,

since extensive absorption of anti-idiotype sera with normal mouse immunoglobu-

lins fails to diminish their activity, and since antibodies to other sites on

the Ig molecule do not inhibit inactivation. By screening a variety of strains

and offspring from appropriate matings between strains for the presence of

idiotypes and other markers, it has been shown that idiotype expression is

linked to the heavy chain allotype marker and not to the immune response gene

locus. A number of recombinants between different idiotype markers have been

found and may provide tools for fine-structure mapping of heavy chain variable
region genes. In vivo effects of anti-idiotype antibodies are also being
assessed

.
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Project Description

Objectives : Staphylococcal nuclease (nuclease) is a protein enzyme, the
immune response to which we have found to be under genetic control by H-2-
linked Ir genes in the mouse. Because of the wealth of available data on
structural and immunochemical properties of nuclease, it is an ideal model
antigen for use in dissecting the mechanism of genetic control of immune
responses. Such mechanistic studies at both the T cell and B cell levels are
the objective of this project.

Methods Employed : 1) Antibodies to NASE have been prepared in groups of mice
of a variety of strains (both high and low responders) differing in H-2 type or

allotype or both. Certain of these have been purified by affinity chroma-
tography. Inbred Lewis rats and miniature swine have been immunized with the

purified anti-NASE antibodies obtained from immune ascites from A/ J mce, SJL

mice, B10.A(2R) mice, and BALB/c mice after immunization with NASE.

Immunoabsorptions with normal immunoglobulins from the same strains have been
used in order to determine whether or not antibodies reactive with the

variable region (i.e., anti-idiotypic antibodies) have been produced.

2) Anti-idiotypic reactions have been quantified by hemagglutination and by
the inhibition of antibody-mediated enzyme inactivation. Such reactivities
have been screened against anti-NASE antibody populations from the other
strains of mice in order to determine the possible genetic linkage of

idiotype to allotype and/or H-2 type.

3) Backcross animals have been screened for antibody levels and for allotype
and idiotype expression in order to determine linkage of idiotype to other
genetic markers.

4) Antibodies to nuclease have been separated on affinity columns into
subpopulations directed against different determinants of nuclease. The

reactions of anti-idiotypic antisera with these subpopulations have been
characterized in order to determine new idiotypic markers.

5) Backcross animals in which recombinant phenotypes were detected have been
further backcrossed and intercrossed in order to establish -homozygous recom-

binant genotypes.

6) Antibodies to individual determinants of nuclease have been measured in

antisera from high and low responder strains. A radioimmunoassay using

labeled polypeptide fragments of nuclease has been developed for this purpose.

7) Animals have been injected with purified anti-idiotype antibodies and

their responses to NASE monitored.

Major Findings: By two separate criteria, anti-idiotype antibodies have been

obtained. 1) After exhaustive absorption with whole normal A/J ascites or

repeated passages over affinity chromatography columns to which normal A/j
ascites was bound, antibodies remained which reacted with A/ J anti-NASE but
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not with BIO.A anti-NASE antibody. Prior to absorption these rat antibodies
contained precipitating antibodies to either type (A/J or C57BL/10) of antibody
but no precipitating antibodies remained following absorption. 2) The rat
anti-A/j anti-NASE antibodies prior to and following absorption reacted with
the combining site of anti-NASE antibodies as evidenced by their ability to

inhibit the anti-NASE antibody-mediated inactivation of NASE in an enzymatic
assay.

Among ( B10.AxA/J)xB10.A backcross animals the A/J anti-NASE idiotype was found
to be linked (p <.005) to heavy chain allotype. However, a large recombination
frequency was found (7-10 percent). The use of a very sensitive assay for
allotype indicated that this recombination frequency was not the result of
faulty allotypic typing. Also, progeny testing of the putative recombinant
animals showed approximately 50 percent of the offspring to also have
recombinant phenotypes, further indicating that these were true recombinant
animals.

A backcross between (BALB/cxCB-20) and CB-20 was performed and examined for
idiotype segregation. The same phenomena of idiotype inheritance and
recombination frequencies were observed. These recombinants are being
inbred to provide new recombinant strains.

Five idiotype markers have now been defined in this system on the basis of
determinant of nuclease recognized and strain distribution of idiotype. The
distribution of these markers in existing strains and in the recombinant
haplotypes we have produced provides a linear map order of the relevant V

region genes. These genes are all linked to the heavy chain allotype
linkage group and may be either structural or regulatory in nature.

Injection of pig anti-idiotype antibodies into virgin mice has led not to

suppression of the idiotype as expected, but to an increase in the level of

idiotype in the mouse serum. The idiotype level is then further boosted when
antigen is administered.

Significance to Biomedical Research and the Program of the Institute : Many of
the antigens being studied in this laboratory are difficult to obtain in

pure form (such as transplantation antigens and tumor antigens), and it is

therefore important to have a well-characterized model protein on which
initial experiments can be performed. In choosing models both for mechanistic
studies and for studies in manipulation of the immune response, staphylococcal
nuclease is a particularly attractive protein. The immune response to this
antigen has previously been shown in this laboratory to be under genetic
control by an H-2-linked Ir gene.

The development of anti-idiotypic reagents directed toward antibodies under
the control of an H-2- 1 inked Ir gene provides another handle to study the
mechanism of T£ gene function. These antibodies may help to determine whether
the specificity of T cell recognition of antigens depends on similar variable
region gene products to those responsible for B cell or antibody specificity.
They may also lead to possible methods of controlling Ir gene expression.
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Proposed Course of Project : The effect of the anti-idiotype on the

production of antinuclease antibodies in vivo will be pursued. An alternate
approach, the effect of anti-idiotype antibodies on the generation in vitro
of antigen-specific T helper cells and factors, will be explored. If these
two approaches fail to provide evidence for the role of the idiotype on T

cells, an attempt will be made to immunize with immune T cells rather than
antibody in order to determine whether another "idiotype" can be distinguished
for the T cell receptor.

Each of the recombinant animals which have been found by assessment of idiotype
in backcross progeny will be established as a new line. A variety of other
variable region markers will then be assessed in these animals, in an attempt
to develop a linear map of the variable region genes.

Further study of backcross progeny in several different strain combinations
will be performed. This should help to determine recombination frequencies
more accurately and should also help to provide a better linear map of the

variable region. Attempts to determine the basis for sharing of idiotypic
determinants between strains will be made by the examination of closely
related strains and sublines. This may shed light on the mechanisms for the

generation of diversity of antibody specificities.

Isoelectrofocusing of serum from animals immunized with nuclease will be

performed. The focused antibodies will be developed with radiolabeled
nuclease in an attempt to determine whether or not correlations exist between
spectrotypes of these antibodies and idiotypes as determined by the inhibi-
tion of inactivation assay. In addition, attempts will be made to overlay the

isoelectrofocusing gels with labeled anti-idiotype, in order to determine
which of the antibody bands bear particular idiotypes. Finally, this tech-

nique will be applied to the new recombinant lines being developed in order to

detect the differences in the antibody repertoire of these lines.

Publications

Schwartz, R. H., Berzofsky, J. A., Horton, C. L., Schechter, A. N.,. and

Sachs, D. H. : Genetic control of the T-lymphocyte proliferative response
to staphylococcal nuclease. Evidence for multiple MHC-linked. Ix gene control.

J. Immunol . 120: 1741-1749, 1978.

Berzofsky, J. A., Pisetsky, D. S., Schwartz, R. H. , Schechter, A. N., and
Sachs, D. H. : Genetic control of the immune response to staphylococcal
nuclease in mice. In Stavitsky, M. A. and Stavitsky, A. B. (Eds.):
Immunobiology of Proteins and Peptides I . New York, Plenum Publishing Corp.,

1978, pp. 241-257.

Pincus, S. H., Sachs, D. H, , and Dickler, H. B. : Production of antisera
specific for idiotype(s) of murine anti-(T,G)-A—L antibodies. J. Immunol .

121: 1422-1427, 1978.
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Pisetsky, D. S., Riordan, S. E. , and Sachs, D. H. : Genetic control of the
immune response to staphylococcal nuclease. IX. Recombination between genes
determining BALB/c antinuclease idiotypes and the heavy chain allotype locus.
J. Immunol. 122: 842-846, 1979.
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Project Description

Objectives : The primary objectives of this laboratory are to investigate the
function of T lymphocytes, the role of self recognition, and the effects of
major histocompatibility genes on the murine and human immune systems. These
studies are being pursued using mouse and human leukocytes which are sensi-
tized to autologous cells either modified with chemical agents (e.g. the
trinitrophenyl group) or infected with viruses (e.g. influenza, measles).
The murine TNP-self cytotoxic system serves as a basic model for testing
many immunogenetic questions concerning the role of the MHC in immune regu-
lation. The specific objective of this project was to continue in the
investigation of immunogenetic parameters associated with the in vitro
generation of T-cell mediated immunity of murine cells to syngeneic cells
modified with the TNPgroup. More explicitly, the project was designed to:

(a) determine the cell types involved in generation of cytotoxic effector
cells to TNP-self (e.g., accessory cells, helper cells, etc.); (b) analyze
the dominance of K TNPself responses over D end TNP-self responses; (c)
look for other immunogenetic effects that might be detected at lower con-
centrations of TNP; (d) investigate the possibilities of priming mice in
vivo for secondary in vitro cytotoxic responses to TNP-self, and to study
the effects of priming on restriction, Ir gene control, cross-reactivity,
etc.; and (e) to compare the in vivo priming effects on different types
of T-cell mediated immunity, (e.g., cytotoxicity delayed hypersensitivity,
cell proliferation).

Methods Employed: The methods employed for specific objectives (a) through
(e) are indicated below:

(a) Mouse spleen cells were fractionated and characterized by nylon wool,
columns, Sephadex G-10 columns, glas-adherence, radioresistance, theta-
marker, latex-ingesting properties, and mixed in different combinations
(some of which were TNP-modified to provide potential immunogens) to

test for the generation of cytotoxic effector cells. Helper cell
potential was studied by testing the cytotoxic enhancing potential
of irradiated T-cell for primed (with TNP-self) mice on spleen cells
from normal mice

(b) Spleen cells from (kxb)F-| mice were sensitized with modified parental
cells which either expressed or did not express the K allele in order
to determine the effect of a K response on the D end restricted cyto-
toxic response.

(c) The cytotoxic response of different mouse strains to "low doeses of
TNPself" was tested by comparing the effector cell activity detected
against syngeneic cells modified with low concentrations of TNBS
(range of 0.01 to 0.5 mM). The usual concentration of TNBS used to
modify mouse cells is at least 20. fold greater than that needed to
stimulate cytotoxic effectors. The TNBS concentration used to modify
syngeneic cells at the stimulating or target cell level was reduced
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from lOmM to 0.05mM (low dose TNP self), n-2^ and H-2^ mice were

found to respond to 0.5 mM TNBS , whereas H-2 and H-2 did not respond

respond to low doses of TNP-self. Defects were associated with a

failure of TNP to form immunogenic complexes with H-2 and H-2 self

products, and were also attributed to responding cell deficiencies
(indicated by in vivo priming studies), (high x low)F-|^ mice responded

well when low dose of TNP self were recognized through the K haplotype

but responded poorly when recognized through the _b haplotype.

(d) Mice were immunized intravenously or intraperitoneally with different
numbers of syngeneic spleen cells modified with different concentra-
tions of TNBS, and the spleens of the immunized mice were tested in
vitro for ehnaced or suppressed cytotoxic and delayed hypersensitivity
potential. H-2^ and H-2^ but not H-2 ^ and H-2 '^ mice could be easily

primed in vivo with 2x10 (10 mM) TNP-self cells, when restimulated
in vitro with low concentrations of TNP-self. No changes in restric-
tion or patterns of cross-reactivity were detected as a result of

in vivo priming.

(e) In vivo (intravenous) immunization with TNBS-modif led syngeneic cells

resulted in priming for cytotoxicity but in unresponsiveness for

delayed hypersensitivity.

Significance to Biomedical Research and the Program of the Institute : The

project is of fundamental immunological interest in that it describes a

major histocompatibility linked immunological phenomenon involving self

recognition. The recognition of self MHC-coded structures in association
with foreign antigenic determinants raises the possibility for self recog-

nition is important for autoimmunity and possibly for virally-infected
autologous cells. The finding that products of the MHC are important for

the antigenic complex recognized as well as for determining immune response

potential provides a working hypothesis for bifunctional MHC control of

disease susceptibility in those examples of HLA-associated diseases in

man. The intricate immunoregulatory phenomena identified in the TNP-self

cytotoxic system permits us to look for similar patterns in the virally
infected murine and human models, and to attempt to determine whether

such mechanisms could be operating in the immune systems of. the-intact

individual, in either an infectious or neoplastic state.

Proposed Course of Project: Investigation of this model will continue in

order to determine: (a) whether different self MHC products are recognized

by proliferating, helper, and cytotoxic T cells; (b) the role of macrophages

in these responses, the possible "modification" of macrophage MHC-coded

products for recognition of the TNP-modified soluble antigens, and the role

of la antigen-bearing cells in accessory function and stimulation; (c)

whether immune response genes can be identified for specificities other

than H- 2D -TNP, and to map such genes; (d) the mechanisms( s) for controlling

the poor response to H-2D°-TNP; (d) the mechanisms for priming and sup-

pression of responses to TNBS-injected mice; (f) the mechanisms responsible

for the reciprocal relationship between TNP-specific delayed hypersensitivity
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and cytotoxic responses; and (g) whether clones of T-effector cells can
be cultured to isolate and characterize the restricted and non-restriced
effector populations.

Publications

Pettinelli, C. , Schmitt-Verhulst , A. M. , and Shearer, G. M. : Generation
of TNP-specific H-2-restricted murine cytotoxic cells as a function of
TNP-cell surface presentation. In Wernet , P. (Ed.): Cytotoxic Cell-Inter-
action and Immunostimulation . Academic Press, in press.

Shearer, G. M. , Schmitt-Verhulst, A. M. , Pettinelli, C. B., and Shaw, S.:
Cell mediated cytotoxicity to trinitrophenyl-modif ied autologous cells
in mice and men. (12th Leukocyte Culture Conf . - June 1978, Israel),
in press.

Shearer, G. M. , Schmitt-Verhulst, A. M. , Pettinelli, C. , and Shaw, J. S.:
Genetic regulation of immune response to TNP-modified cells. GANN
in press.

Pettinelli, C. , A. M. Schmitt-Verhulst, and G. M. Shearer: Cellular
Analysis of H-2 -Restricted Cytotoxic Responses to Trinitrophenyl-Modif ied
Syngeneic Cells and Trinitrophenyl-Conjugated Soluble Proteins. Transplant
Proc . , in press.

Fujiwara, H. , Levy, R. B. , Shearer, G. M. and Terry, W. D. : Studies on
in Vivo priming of the TNP Reactive Cytotoxic Effector Cell System. I.

Comparison of the Effects of Intravenous Inoculatin with TNP-conjugated Cells
on the Development of Contract Sensitivity and Cell-Mediated Lympholysis.
J. Immunol . ,in press.

Levy, R. B., and Shearer, G. M. : Regulation of T-Cell Mediated Lympholysis
by the Murine Major Histocompatibility Complex. I. Preferential in
vitro responses to trinitrophenyl-modif ied self K- and D-coded gene
products on parental and F, hybrid mouse strains. J. Exp. Med., in press.

Shearer, G. M. , Schmitt-Verhulst, A. M. , Pettinelli, C. B.., Miller, M. W. ,

and Gilheany, P. E. : H-2 linked genetic control of murine T cell-
mediated lympholysis to autologous cells modified with low concentrations of
trinitrobenzene sulfonate. J. Exp. Med. (in press).

Pettinelli, C, Schmitt-Verhulst, A. M. , and Shearer, G. M. : Cell types
required for H-2 restricted cytotoxic response generated by trinitrobenzene
sulfonate-modif ied syngeneic cells or trinitrophenyl-con jugated proteins.
J. Immunol . 122: 847-854, 1979.
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Mouse F-, spleen cells develop cytotoxic activity in vitro against parental

cells. The antigenic differences detected appear to be controlled by a

structural gene (Hh-1) mapping in or near the D region of the H-2 complex .

Although a number of positive correlations have been demonstrated between

murine hemopoietic graft rejection in vivo and 7_-^ anti-parent cytotoxicity

in vitro, certain differences have been found between these two F-^ anti-

parent reactions. These include the observations that marrow graft rejection

does not require priming and is not dependent upon thymus-dependent cells,

whereas the development of cytotoxic cells requires sensitization and is

effected by T-lymphocytes. The same mechanism is also responsible for the

rejection of hemopoietic allografts. Injection of F-j^ mice with parental

spleen cells (which have graft vs. host potential) results in the specific

abrogation of F-, anti-parent reactions in vitro and in vivo, whereas in-

jection of parental bone marrow is associated with some degree of priming
for F-, anti-parent cytotoxicity.
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Project Description

Objectives : The objective of this project was to investigate in more detail
the immunogenetic parameters associated with the generation of murine F-,

anti-parent cytotoxic effector cell in vitro, and to compare them with
allogeneic cytotoxicity in vitro, and F-, anti-parent hemopoietic graft
rejection in vivo.

Methods Employed : Spleen cells from different Fi mouse strains were sen-
sitized in culture against parental spleen cells. The effector cells
generated were assayed on Cr-labelled target cells expressing different
H-2 haplotypes.

Major Findings : A number of similarities have been observed between F-,

anti-parent marrow graft rejection in vivo and the development of F-, anti-
parent cytotoxic effector cells in vitro. However, a number of differences
were also noted. These include the findings that: a) the in vivo rejection
process does not require active immunization, whereas the development of
cytotoxic effectors does; b) marrow graft rejection is neither effected
by nor dependent upon thymus-derived cells, whereas the F-, anti-parent
effectors and their precursors are T-cells; and c) the recognition respon-
sible for Y-^ anti-parent graft rejection appears to involve structures
coded for by a gene(s) mapping near H-2D, whereas for F-, anti-parent
cytotoxicity, products of additional genes within the H-2 complex are
also important. Similar to allogeneic and TNP-self cytotoxic responses,
the generation of F-, anti-parent effector activity requires the presence
of glass-adherent cells.

Since the cytotoxic response to Hh determinants is weaker that that to either
alloantigens or TNP-self determinants, attempts were made to enhance the re-
sponse by injecting F-, mice with parental and F-, cells expressing Hh determi-
nants (as a means of priming). Priming ef-fects were obtained with irradiated
parental spleen cells or unirradiated parental marrow cells. Unirradiated
parental spleen cells resulted in unresponsiveness specific for the haplotype
of the parental cells injected.

Significance to Biomedical Research and the Program of the Insrltute : These
comparative studies may be of importance for understanding the common and
distinct immune pathways for radioresistant and radiosensitive components of
graft rejection. Such an understanding may be of significance since marrow
graft rejection is considered to be a problem of transplantation.

Proposed Course of Project : Since pre-injection of F, mice with parental
spleen cells (but not with parental bone marrow cells; results in specific
abrogation of parental marrow graft resistance, parental tumor cell
resistance, and anti-parental cell cytotoxicity, we plan to investigate the
cellular and MHC-linked genetic parameters associated with induction (graft
vs. host reaction?) and maintenance (tolerance suppression?) of the induced
F-^ anti-parent unresponsiveness (see accompanying report on the "Effects of
graft vs. host reaction on cell-mediated immunity"). We also plan to
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investigate the possibility that the homozygous state of the parental H-2

gene products provides a significantly greater "dose" of relevant H-2

coded self products that does the heterozygous state of the F-,, by using
limiting amounts of known modifying agens (e.g. low concentratins of

TNBS) and attempting to artificially create an F-, anti-parent response.

Publications

Cudkowicz, G. , Landy , M. , and Shearer, G.M. (Eds.): Natural Resistance
to Foreign Hemopoietic and Leukemia Grafts . New York, Academic Press, 1979,

289 pp.

Shearer, G. , Waksal, H. , Yung, Y. P., and Cudkowicz, G. : Depressive
effect of silica particles on F, hybrid anti-parent eel-mediated lympholysis
induced in vitro. Cell. Immunol. 39: 61-69, 1978.
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SUMMARY OF WORK (200 -ords or less - underline keywords) - -'

The purpose of this study is to elucidate the mechanisms by which immunoglobulins

interact with effector cells of the immune system subsequent to complexing with

antigens.

A simple model describes the interaction of IgG oligomers with mobile cell-

surface Fc receptors. The model correctly predicts that the release of bound

oligomer from cell surfaces subsequent to washing should be slow at . This

feature of oligomer binding has permitted the development of flow micro-

fluorometric methods for measuring the distribution of Fc receptors within

homogeneous and heterogeneous cell population. Certain procedures can totally

prevent the release of bound immunoglobulins from cell surfaces. When antibody

is fixed to the surfaces of receptor-bearing cells by such procedures, specific

killer cells are generated. These killer cells, unlike normal ADCC effector

cells, cannot be inhibited from lysing given targets by immune complexes.
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Project Description

Objectives : (1) To investigate the interactions of the constant parts of

immunoglobulins with the various effector systems employed in immune re-

actions; (2) to study the relationship of antigenic recognition to these
interactions and to study the molecular and cellular bases of these
phenomena.

Methods Employed : Organic synthesis, gel filtration, ion exchange chromato-
graphy, polyacrylamide gel electrophoresis, complement fixation, radio-
labelling of proteins, tissue culture, binding assays, antibody-dependent
cytotoxicity assays, cell separations, flow microfluorometry, computer
analyses.

Major Findings : (1) With the discovery in this and other laboratories that
the binding of immunoglobulins to Fc receptors is a weak interaction and
that antibody-dependent cell-mediated cytolysis (ADCC) is inhibitable by low
amounts of small antigen antibody complexes, it became apparent that in

vivo analogues of ADCC might be susceptible to blockage by circulating
immune complexes. In order to overcome this block, we have sought ways of
artificially cross-linking antibodies to effector cell surfaces, thus
creating killer cells committed to the removal of any given antigen.

During our search for ways of cross-linking antibodies to cells, we observed
that cells from the macrophage line, P388D-,, incubated with I anti-Dnp
antibodies and sedimented through a mixture of dibutylphthalate and bis-
ethylhexlphthalate (a common procedure for removing cells from medium),
retained the antibody for at least 20 hrs after the cells were resuspended
in medium. By contrast, if cells were washed directly in medium (without
prior sedimentation through the "oils"), most of the antibody instantly
dissociated from the cell-surfaces.

P388D-, cells treated in this way were able to lyse Tnp-coated chicken red

cells (Tnp-CRBC). Unlike normal ADCC, where the antibody is placed on

the target, killing by the antibody coated effector cells was not inhibitable

by oligomers of non-immune IgG. Lysis of the target cells was specific in

that chicken red cells alone were not lysed by the antibody-coated effectors.
Moreover, effector cells coated with nonimmune IgG did not lyse Tnp-CRBC,
and lysis of Tnp-CRBC by anti-Dnp coated effectors was readily inhibitable
by the inclusion of hapten (Dnp-E-aminocaproic acid) into the culture medium.

Although we do not yet know the chemical basis for the adherence of anti-

body to effector cells, it does apear to have a non-specific component.
Thus, some antibody does adhere to cells which are negative for Fc receptors,

and the oil sedimentation also causes (Fab')^ fragments to adhere to cells.
However, ADCC effector cells can only be formed with Fc receptor-bearing
cells coated with intact IgG antibodies. The production of killer cells
is not restricted to the case of P388D., cells killing antigen coated
chicken erythrocytes; for example, it has been found that antibody coated

rat spleen cells will lyse antigen-coated tumor cells.
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(2) The binding of oligomeric IgG to Fc receptor-bearing cells has been
examined in our laboratory in the past by measuring (with a X -counter)
the average number of I oligomer molecules bound per cell. More
recently we have been developing methods for analyzing the distributions
of receptors using the fluorescence activated cell sorter (FACS).

Early attempts at using the FACS and fluorescein isothiocyanate (FITC)-
coupled oligomers failed because the FITC coupling procedure markedly
altered the binding behavior of the oligomers. However, more recently it

has been possible to treat cells with unlabelled oligomer, wash, and stain
12 5

the cells with a FITC goat anti-rabbit IgG reagent. Using I oligomers
we have shown that only a small portion of the oligomer is lost during the
washing step, and that treatment with the sandwich reagent does not alter
the amount of bound oligomer.

Cells treated in this way have been analyzed with the FACS and it has been
shown that the mean fluorescence varies linearly with the amount of bound
oligomer. Using this technique it is possible to demonstrate that within
P388D, cell populations, the receptor densities on individual cells follow
a skewed Gaussian distribution and that most cells lie within a five fold
range of receptor density. In heterogeneous cell populations the distribu-
tion is, of course, much broader.

(3) In our initial binding studies we suggested that oligomer binding
occurs by a sequential process. For example, dimeric IgG would bind
by the mechanism:

dimer + receptor ^ dimer. receptor
k-1

dimer. receptor + receptor 4I dimer. receptorj
k-2'

Recently, in collaboration with Dr. Charles De Lisi, a mathematical treatment
has been worked out to describe this process. Some initial experiments have
been performed to attempt to establish whether the model is correct and to
try to measure the constants describing the binding process.

Experiments have been performed at 0° in the presence of azide to minimize
interactions which might occur subsequent to the establishment of the
equilibrium (e.g. capping or endocytosis)

.

In the theoretical binding scheme an important factor is the cell surface
receptor density. Both the "cross linking rate" (kn) and the equilibrium
constant should depend on the number of receptors per cell. Experimentally
we are measuring the effects of receptor density by digesting P388D-[ cells
with pronase. This removes all detectable Fc receptor from the cell
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surfaces, yielding a population of highly viable (>95%) cells. With time

the receptors are resynthesized, and we have used cells at different
stages of resynthesis as populations with different receptor densities.

Analysis with the FACS II has demonstrated that the receptors are re-

synthesized more or less evenly; that is cells each initially have low
receptor densities, and these increase gradually with time. It is predicted

that the binding constant of the dimer should increase linearly with re-

ceptor density, while the trimeric constant should increase as the square.

Initial results with the dimer show clearly that the binding constant does

increase with receptor density, but the data are still preliminary. We

are actively pursuing these studies because we feel that an understanding

of the way in which multivalent ligands interact with mobile cell surface
receptors is fundamental to an understanding of a wide range of immune

processes, including antigen-B cell interactions and cell-cell interactions,
in addition to the binding of IgG oligomers to Fc receptors.

(4) Studies have been initiated in order to obtain hybridoma antibodies
directed against Fc receptors. These studies, which are in collaboration
with Drs. Reuben Siriganian and Edward Barsumian of the Dental Institute,
are still preliminary. A rapid selection procedure has been developed for

screening for mouse anti-rat and rat anti-mouse Fc receptors. We have ob-
tained cells which produce substances which block the binding of oligomers
to cells (presumably antibody) but a stable cloned line has not yet been
established.

Significance to Biomedical Research and the Program of the Institute : The

recognition of foreign substances by immunoglobulins elicits a number of

reactions which normally lead to their elimination from the body. The pur-
pose of this project is to examine the molecular events which occur as a

result of antigenic recognition. It is hoped that these studies will en-

hance our understanding of these processes^ and allow us to better control
immune reactions. An ultimate goal is to enhance the immune response
toward neoplastic cells.

Proposed Course of Project : (1) We are continuing to study the cytotoxic

behavior of the antibody coated effector cells. We are especially interested

in knowing which cell types can serve as effectors against a particular tar-

get. Two types of targets which are of primary interest are tumor cells and

parasites. Specific hybridoma anti-tumor antibodies have been described
and we would like to test some of these in our system. We would also

like to develop this system for in vivo studies.

(2) We plan to use the flow microf luorometric techniques for analyzing

Fc receptor densities in heterogeneous cell populations. The goal is to

take leukocytes from a given organ (e.g. mouse spleen or human peripheral

blood) and to isolate (using the FACS) cells with a given number of

receptors per cell. These cells could then be further characterized in

other ways, yielding accurate values for receptor densities in leukocyte

subpopulations.
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(3) Quantitative measurements of oligomer binding to PSSSD, cells are con-
tinuing. We wish to determine how well the data fit our model and to
determine the parameters involved in the binding process. Subsequently,
we would like to work under physiological conditions to examine the processes
occuring after the initial binding step.

(4) Hopefully we will be able to obtain some clones which produce anti-
Fc receptor antibodies. We would like to use these for a variety of
purposes, including isolation of the receptor, lateral diffusion studies,
in vivo blocking studies, and receptor distribution studies.
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Project Description

Objectives : In addition to the effector cells generated in response to

antigen stimulus, there has been increasing data presented to suggest that
cell-mediated regulatory influences are also activated by antigenic stimulus.
It has been the object of these studies to define the regulating influence
governing the generation of T cell-mediated responses.

Methods Employed : T cell-dependent suppression of cell-mediated lympholysis
was generated by in vitro culture of normal murine spleen cells.

I. The cellular requirements for generation of T cell-dependent suppression
were studied by: 1) examining the effect of pretreating normal spleen cells
with anti-la reagents and C on their ability to generate suppressors, and
2) fractionating spleen cells by passage over Sephadex G-10 columns and
analyzing the suppressor activity in column-passed populations.

II. The ability of different inbred mouse strains to generate suppressor
activity in vitro was compared.

Major Findings : I. Cellular requirements for culture-induced generation
of suppressor cells. The pretreatment of normal spleen cells with anti-la
reagents and C abrogated the ability of these cells to generate suppressors
during culture, although the treated cells were still capable of themselves
giving alloantigen-induced cell-mediated cytotoxicity. In contrast,
treating cells with anti-la and C after they had developed suppressor
activity was without effect. These findings established a requirement for
an la positive population which participates in the generation of suppressor
cells. Sephadex G-10 passed spleen cells were also unable to generate
suppressor activity. In these experiments, it was found that the ability
to generate suppressors was reconstituted by the addition of small numbers
of splenic adherent, radiation-resistant npn-T cells. It is currently
under investigation as to whether this non-T cell is identical to, or
distinct from, the la positive cell independently shown to be required for
cell induction.

II. Strain differences in the ability to generate suppressors.- BALB/c
(H-2 ) and BIO (H-2 ) spleen cells generated significantly more active
suppressor populations than B10-D2 (H-2 ) spleen cells. In mixing experi-
ments, it was found that BALB/c suppressors were efficient in suppressing
the cell-mediated cytotoxic response of B10.D2 cells, while B10.D2 sup-
pressors were not effective at suppressing BALB/c responses. The defect
thus appears appears to be in the ability of B10.D2 cells to suppress,
rather than in a difference in susceptibility to suppression.

Significance to Biomedical Research and the Program of the Institute : States
of ^^ vivo tolerance or immune hyporesponsiveness have been associated with
active suppressive populations in a number of systems. In addition, the
possible role of specific or nonspecific immune suppression in the evaluation
or progression of malignancy has been suggested. The studies described above

458



Project No. ZOl CB 05055-04 I

may provide infortnation concerning the mechanism of such in vivo immuno-
suppression and possible means of modifying the suppression as a therapeutic
manipulation of the immun response.

Proposed Course of Project : Further studies are in progress to determine the
relationship between the la positive cell and the adherent non-T cell par-
ticipating in the generation of suppression. The genetic basis for the
observed strain difference in suppressor generation is under study.
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^tibodies specific for the idiotype(s) of antl-(T,G)-A—L antibodies of two

different mouse strains (C57Bl/10Sn and C3H.SW) have been obtained. The

idiotype(s) of these two strains are distinct and the anti-(T,G)-A—L anti-

bodies of the majority of individuals of each strain express identical or

cross-reactive idiotype(s). Since the ability of mice to respond to (T,G)-

^—L is under the control of H-2 linked Ir genes , these anti-idiotype

antibodies are being used in conjunction with radioimmunoassay of the binding

of (T,G)-A—L to anti-(T,G)-A—L antibodies as well as both in vitro and in

vivo humoral response assays to evaluate the cellular and genetic control of

idiotype expression as well as the role of idiotype-bearing molecules in

regulation of the immune response. T lymphocytes express anti-(T,G)-A—

L

idiotype(s) identical to or cross-reactive with those found on anti-(T,G)-

A.—L antibodies of the same strain. Expression of similar or identical

idiotypes is found on both IgM and IgG antibodies, and expression of these

idiotypes is controlled (at least in part) by genes linked to the heavy

chain allotype locus .
"
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Project Description

Objectives: 1. Determine the genetic control of idiotype expression on

anti-(T,G)-A—L antibodies.

2. Determine the immunocompetent cell types which express idiotype bearing

molecules (receptors).

3. Evaluate the role of idiotype-bearing molecules in regulation of the

immune response.

Methods Employed: 1. Preparation of anti-idiotypic antisera by immunization

of Lewis rats with antigen affinity purified murine anti-(T,G)-A—L antibodies

and adsorbtion on normal mouse globulins.

2. Radioimmunoassays that measure the binding of radiolabelled (T,G)-A—L by
anti-(T,G)-A—L antibodies. Anti-idiotypic activity is measured as inhibition

of (T,G)-A--L binding. The original assay developed was of the liquid phase

immunoprecipitation type. More recently a solid phase plate binding assay
has been developed which offers considerable advantages in terms of the

number of samples which can be efficiently assayed (approximately 10-20 fold).

3. Immunization of mice of different strains, including congenic resistant

and recombinant inbred lines, with (T,G)-A—L and determining via radioimmuno-

assay which mice bear idiotypes defined by these antisera.

4. Several antigen specific immune response assays including: a) in vitro

primary antibody forming cell assay, b) in vitro secondary antibody forming

cell assay, and c) in vivo adoptive transfer assay.

Major Findings : 1. The following antisera have been produced: Lewis anti-

[C3H.SW anti-(T,G)-A~L] and Lewis anti-[B10 anti-(T,G)-A~L] . After

adsorbtion on normal globulin from C3H.SW and BIO mice, respectively, the

antisera have been shown to be directed against idiotypic determinants by a

variety of criteria. The idiotype(s) of these two strains are distinct, and

the anti-(T,G)-A—L antibody of the majority of individuals of each strain

express identical or crossreactive idiotype(s). .- —

2. Genetic studies with allotype congenic strains revealed that the expression

of anti-(T,G)-A—L idiotypes is controlled by genes linked to the heavy chain

allotype locus. These studies do not exclude regulation by other genes.

Similar or identical idiotypes are present on primary IgM antibodies and

secondary IgG antibodies.

3. Using a previously described primary in vitro antibody forming cell, it

has been found that the Lew anti-[B10 anti-(T,G)-A—L] sera inhibits the

response to (T,G)-A—L-TNP but not KLH-TNP in BIO mice, but not in C3H.SW or

A. BY mice. Mixture experiments in which T lymphocytes from another H-2

strain (A. BY) were mixed with B cells from BIO did not show inhibition of

the response by the anti-BlO idiotype. Also, treatment of BIO T lymphocytes
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with anti-idiotype antibodies and complement abrogates the ability of such

cells to cooperate with B lymphocytes and accessory cells in the response to

(T,G)-A--L-TNP. These studies taken together strongly suggest that T helper
lymphocytes specific for (T,G)-A—L possess idiotypes identical or cross-
reactive with those present on anti-(T,G)-A—L antibodies.

Significance to Biomedical Research and the Program of the Institute : Since

idiotypes define a single or small number of clones of antibody, the determi-
nation of the genetic control of idiotype expression bears directly on the

origins of diversity of antibody. An understanding of the genetic and

cellular control of expression of idiotype bearing molecules (including
antibody and T lymphocyte receptors) will clarify the role of such molecules
in regulation of the immune response. An understanding of the regulation of

the immune response could lead to new forms of therapy for human diseases
including cancer.

Proposed Course of Project : 1. Evaluate the role of genes other than
allotype linked genes in determining expression of anti-(T,G)-A—

L

idiotype(s) on antibodies.

2. Evaluate T lymphocytes and accessory cells for expression of anti-
(T,G)-A—L idiotype(s).

3. Map the genes which determine expression of anti-(T,G)-A—L idiotype(s)
on T lymphocytes (? and accessory cells).

4. Evaluate the role of other cell types (e.g. thymic epithelium) in the

expression of idiotypes by T lymphocytes.

5. Isolate idiotype bearing molecules from T lymphocytes.

Publication

Pincus, S. H. , Sachs, D. H. , and Dickler, H. B. : Production of antisera
specific for idiotype(s) of murine anti-(T,G)-A—L antibodies. J_.

Immunol . 121: 1422-1427, 1978. .. . ._-

Pincus, S. H. , Singer, A., Hodes , R. J., and Dickler, H. B. : Anti-(T,G)-A—

L

idiotypes: Initial studies of genetic control and cellular expression.
In Pernis, B. and Vogel, H. (Eds.): Cells of Immunoglobulin Synthesis .

New York, New York, Academic Press, in press.

462



SMITHSONIAN SCIENCE liMFORMATION EXCHANGE U.S. DEPARTMENT OF

PROJECT NUMBER (Oo NOT use this space) HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 05062-04 I

PERIOD COVERED

October 1, 1978 to September 30. 1979
TITLE OF PROJECT (30 characters or less)

Application of Rapid Flow Microfluorometry to Cell Biology

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI:

OTHER:

J. R. Wunderlich
s. 0. Sharrow
B. J. Mathieson
I. Betel
R. Asofsky
K. Bottomly
B. J. Fowlkes
H. C. Morse
W. Davidson
T. Chused
C. Cowing
R. Hodes
A. Singer

Senior Investigator I NCI
Chemist I NCI
Staff Fellow LMI NIAID
Guest Worker LMI NIAID
Chief LMI NIAID
Postdoctoral Fellow LI NIAID
Microbiologist LMI NIAID
Senior Investigator LMI NIAID
Visiting Fellow LMI NIAID
Senior Investigator LMI NIAID
IPA Investigator I NCI
Senior Investigator I NCI
Senior Investigator I NCI

Senior Investigator I NCI
Senior Investigator I NCI

OTHER: H. Dickler
D. Segal

LAB/BRANCH

Immunology Branch

INSTITUTE AND LOCATION

NCI/NIH, Beth^sda . Maryland 20205
PROFESSIONAL:

0.2

TOTAL MANYEARS:

1,2 1.0

CHECK APPROPRIATE 30X(ES)

[j (a) HUMAN SUBJECTS

3 (al) MINORS [J (a2) INTERVIEWS

(b) HUMAN TISSUES E (c) NEITHER
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Using rapid flow microfluorometry for analysis and sorting of cells,
aspects of the toliowlng projects have been supported during the previous
year: 1) characterization of differentiation antigens on murine lymphocytes;
2) analysis of lymphocyte abnormalities in mice prone to autoimmune disease

;

3) identification of murine spleen accessory cells, and 4) determination of
the quantity and affinity of immunoglobulin F receptors on cell surfaces.
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Project Description

Objectives : The objective of this project is to utilize rapid flow micro-
fluorometry (FMF) to study selected aspects of important problems which would
be impossible or extremely difficult to pursue without such technical support.

Methods Employed : Cells have been both analyzed and separated by rapid flow
microfluorometry (Fluorescent-Activated Cell Sorter (FACS), Becton-Dickinson
Electronics Laboratory, Mountain View, CA). These studies involve prelimi-
nary treatment of suspensions of viable, dispersed cells with purified, well-
characterized fluorescent reagents.

Major Findings : This report summarizes the major thrust of each overall
project emphasizing those aspects most heavily supported by use of rapid
flow microfluorometry (FMF).

Previous FMF work, with Dr. Mathieson identified for the first time a new
type of murine thymocyte identified by the presence of Lyt 1 but absence
Lyt 23 cell surface markers (Lyt 1 23 ). This cell population, constituting
about 10 percent of thymocytes, contrasts with the remaining thymocytes
which bear Lyt 1,2 and 3 (Lyt 123 ). Working with Drs. Betel, Mathieson,
Asofsky, Bottomly and Fowlkes this effort has been extended by further
characterizing the distribution of Lyt markers on th)miocyte subpopulations

.

Separating thymocytes by size using velocity sedimentation failed to separate
Lyt 1"'73~ from Lyt 123 cells. Separation of thymocytes by density,
however, showed an enrichment of Lyt 1 23~ cells in the lighter fractions
and Lyt 123 cells in the heavier fractions. Thymocytes which were not
agglutinated by the lectin peanut agglutinin were enriched five fold for Lyt
1 23 cells. In contrast with earlier data based on complement mediated
lysis, Lyt 1 has been found on all peripheral T cells. By FMF analysis,
there is no class of T cells expressing on-ly Lyt 2,3. Thus, the percentages
of peripheral lymphoid cells staining with highly specific anti Thy 1 and
anti-Lyt 1 are the same, and the two types of cells copurify. Cells which
survive lysis with anti-Lyt 1 and complement still bind high levels of anti-
Lyt 1 by FMF analysis. Thus, cells previously identified as Lyt 1~23''" still
bind anti-Lyt 1, but for reasons not yet clear fail to lyse in-the presence
of complement. In an associated effort, a new mouse lymphocyte alloantigen
has been identified in two allelic forms, Ly 9.1 and Ly 9.2. Ly 9 has
been detected on all lymphocytes, and only lymphocytes. It is codominantly
expressed and not excluded on any Ijnnphocyte subpopulation examined. Both
the strain distribution and tissue distribution are unique, eliminating
identity of Ly 9 with previously well described lymphocyte cell surface
antigens.

In a continuing study, FMF has been utilized to characterize the develop-
ment of lymphoid cells in mouse strains prone to autoimmune disease.
Earlier work with Dr. Chused demonstrated an abnormally rapid increase
in B cells in NZB mice occuring before loss of suppressor cell activity.
This finding suggested that manifestations of autoimmune disease in this
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mouse strain are linked to an abnormal polyclonal activation, independent

of loss of suppressor cell regulation. Working with Drs. Morse, Davidson,

and Chused, additional information about NZB and motheaten mice has been

gathered. Aberrations in motheaten mice, another inbred mouse strain

with an early onset of autoimmune disease, are due to a single recessive

mutant gene mapped to chromosome 6. As early as a week of age there is a

reduction in surface Ig positive cells and a reduction in cell surface

IgM and probably IgD density, consistent with B cell polyclonal activation.

Although the number of thymocytes and density of theta on these appear

normal, preliminary data suggest that the densities of theta on peripheral

T cells of motheaten mice are lower than normal, which coincides with

Dr. Davidson's finding of poor responsiveness of spleen cells to T cell

lectins. Moreover, circulating anti T cell autoantibody can be demonstrated

by FMF. Thus, FMF analysis of cells from both motheaten and NZB mice

has detected abnormalities in both T and B lymphocytes.

FMF has also been used to further characterize murine spleen cells which

promote antigen-specific immune responses in vitro ("accessory cells").

Considering the present understanding of these cells, they could be either

a subpopulation of macrophages, dendritic cells or null lymphoid cells on

the basis of presently accepted characterisitlcs. Demonstrating that acces-

sory cells are phagocytic would restrict their identity to a subpopulation

of macrophages. Recent studies involving Drs. Cowing, Hodes , Singer and

Dickler have demonstrated that FMF can distinguish between mouse spleen

cells associated with 1, 2 or 3 or more fluorescentated-BSA latex particles;

all cells associated with 3 or more particles internalize latex as

determined by phase microscopy. Utilizing splenic cells depleted or re-

constituted with latex positive (3 or more particles) FMF sorted cells,

accessory cell function was associated with cells which internalize latex

particles. To the extent that latex ingestion represents phagocytosis,

accessory cells can be identified as a subpopulation of macrophages.

Immunoglobulin F receptors on lymphocytes and macrophages have been eval-

uated by FMF. The quantity and binding affinities of these receptors have

been measured with Dr. David Segal using affinity cross-linked trimers of

rabbit IgG antibody and fluorescenated goat anti-rabbit antibody. Parallel

tests with radioiodinated trimer showed that cell fluorescence "is a linear func-

tion of the number of molecules of trimer bound per cell. FMF detected as

few as 2,000 trimer molecules per cell.

Significance to Biomedical Research and the Program of the Institute : Physi-

cal enrichment of the newly defined T cell subsets by density gradient and

peanut lectin agglutination will provide methods for obtaining sufficient

numbers of cells to test how these subsets differ functionally. The finding^

that both thymocyte and peripheral T cell subsets can be split into Lyt 1 23

and Lyt 123"^ rather than Lyt 123''" only (thymocytes) or Lyt l'^23 and Lyt 1 23

(peripheral T cells) suggests a more simplified pattern of T cell differen-

tiation than previously pictured using Lyt antigens identified by complement

mediated lysis. The transition of T cells from Lyt 1 positive to Lyt 1

negative determined by complement mediated lysis, which correlates with
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the move of cells from the thymus to the periphery, reflects a change
in lysability of the cells rather than a change in quantitiative expression
of Lyt 1. Identification of Ly 9 antigens on all lymphocytes suggests a

cell surface marker expressed early in the course of stem cell differen-
tiation to lymphocytes, and it should prove valuable both in studies of
this early process and in differentiating the relationships between more
mature lymphoid cells.

A demonstration of B cell abnormalities consistent with polyclonal acti-
vation in mouse strains prone to autoimmune disease is of particular
interest because it occurs early in life and may be directly related to
manifestations of autoimmune disease observed later in life.

Establishing the identity of accessory cells for immune responses is
important because of the well characterized role of this cell type in
antigen processing and its known susceptability to genetic or systemically
induced defects.

Quantitation of levels of cell fluorescence in terms of molecules of
probe bound per cell (as has been done for F receptors) is an essential
step in establishing the density of receptors of other factors on the
cell surface. Moreover, such information permits calculation of binding
affinities.

Proposed Course of Project : As in the past, rapid flow microfluorometry
will be used for selected, appropriate projects.

Publications

Weinstein, J. N. , Blumenthal, R. , Sharrow, S. 0., and Henkart , P. A.:
Antibody-mediated targeting of liposomes: Binding to Ijmiphocytes without
incorporation of vesical contents into the cells. Biochem. Biophys. Acta
509: 272-288, 1978.

Miller, M. H. , Powell, J. I., Sharrow, S. 0., and Schultz, A. R.: Rapid
data collection, analysis, and graphics for flow microfluorometry in-
strumentation. Rev. Sci. Instrum . 49:1137-1142, 1978. '

—

-

Leserman, L. D. , Weinstein, J. N. , Blumenthal, R. , Sharrow, S. 0., and
Terry, W. D. : Binding of Antigen-Bearing Fluorescent Liposomes to the
Murine Myeloma Tumor MOPC 315. J. Immunol . 122:585-591, 1979.

Morse, H. C. , Chused, T. M. , Boehm-Treitt , M. , Mathieson, B. J.,
Sharrow, S. 0., and Hartley, J. W. : Xen CSA: Cell Surface Antigens
Related to the Major Glycoproteins (gp70) of Xenotropic Murine Leukemia
Viruses. J. Immunol . 122:443-454, 1979.

Mathieson, B. J., Sharrow, S. 0., Campbell, P. S., and Asofsky, R.:
An Lyt differentiated thymocyte subpopulation detected by flow micro-
fluorometry. Nature . 277:478-480, 1979.
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Davidson, W. F. , Morse, H. C. , Sharrow, S. 0., and Chused, T. M.

:

Phenotypic and Functional Effects of the Motheaten Gene on Murine B

and T Lymphocytes. J. Immunol . 122: 884-891, 1979.

Morse, H. C. , Chused, T. M. , Hartley, J. W. , Mathieson, B. J., Sharrow, S.

0. , and Taylor, B. A.: Expression of Xenotropic Murine Leukemia Viruses
as Cell Surface gp70 (Xen CSA) in Genetic Crosses Between Strains DBA/2
and C57BL/6. J. Exp. Med. 149: 1183-1196, 1979.

Morse, H. C. , Chused, T. M. , Sharrow, S. 0. and Hartley, J. W. : Variations
in Expression of Xenotropic Murine Leukemia Virus Genomes in Lymphoid
Virus Genomes in Lymphoid Tissues of NZB Mice. J. Immunol . 122: 2345-2348,
1979.

Mathieson, B.J. , Mage, M. , Betel, I., and Sharrow, S.O.: Cytotoxic Ijnnpho-

cytes precursors: Phenotypic analysis and functional activity of peanut
lectin fractionated thymocytes. In Protides of Biological Fluids

,

(Proceedings from Annual Meeting held in Brussels, Belgium on 4/29-5/3/79),
in press.

Chused, T. , Moutsopoulos, H. , Sharrow, S., and Hansen, C. : Evidence of

a primary B-ljmphocyte abnormality in NZB mice. In Cooper, M. , Mosier, D.,

Scher, I., and Vitetta, E. (Eds.): B L3nnphocytes in the Immune Response .

Elsevier North-Holland Publishers, New York, in press.

Mann, D.L. and Sharrow, S.O.: "B cell" alloantigens on T lymphocytes.
Transplant. Proc . , in press.

Dickler, H.B., Cowing, C, Ahmann, G.B., Hathcock, K.S., Sharrow, S.O.,
Hodes, R.J., and Singer, A.: Characterization of the accessory cells
required in T lymphocyte dependent antigen-specific immune responses.
In Rosenthal, A. and Unanue, E. (Eds.): Regulatory Role of Mononuclear
Phagocytes in Immunity . Academic Press, Inc., New York, New York, in
press.
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Requirement for self-recognition by helper T cells has been analyzed in the

T-cell dependent antibody response to TNP-KLH . Separation of T cells , B_

cells , and adherent accessory cells into three functionally distinct sub-

populations has allowed helper T cell recognition of MHC determinants ex-

pressed on macrophages to be independently assessed from T cell recognition

of B cell expressed MHC determinants. Helper T cells were obtained from

parent->F, and Fi-»-parent radiation bone marrow chimeras to avoid complicating

allogeneic effects . The results of such experiments demonstrated: 1)

helper T cell recognizing MHC determinants on macrophages, not B cells; 2)

the self-specificity of helper T cells is determined by the MHC environment

in which T cells mature, and not by their genotype.

468
=HS-6040
(Rev. 10-76)



Project No. ZOl CB 05064-03 I

Project Description

Objectives: The major objective of this project is the elucidation of the

signals which are involved in the cell interactions which result in activa-

tion and/or regulation of the antigen-specific immune response.

Methods Employed : Chimeric mice are created by reconstituting lethally

irradiated recipients with T cell depleted bone marrow stem cells.

The in vitro assay for antibody production involves dispersing single cell

suspensions of murine spleens in microculture with TNP modified protein

antigens for 4 days. The cells are then harvested and assayed for anti-TNP

antibody-producing cells.

Spleen cell subpopulations are prepared as follows:

a) T cells-nylon non-adherent spleen cells

b) (B + accessory) cells - rabbit anti-mouse brain + C treated spleen

cells

c) Accessory cells - 2 hour glass adherent, T cell depleted, irradiated
spleen cells

d) B cells - G-10 Sephadex passed, T cell depleted spleen cells

e) (T+B) cells - G-10 Sephadex passed spleen cells.

Major Findings : For responses to TNP-KLH, active helper T cell recognition

of self MHC determinants on accessory cells is required for the generation

of antibody responses, a similar requirement for recognition of B cell ex-

pressed MHC determinants has not been obse'rved.

Which of the polymorphic MHC determinants helper T cells actually recognize

is unrelated to the determinants the helper T cells themselves express.

Rather, only the MHC determinants expressed in the environment _in which

precursor T cells differentiate are recognized as "self" when the T cells

mature. Thus helper T cell activation does not require like-like interaction

between T cells and macrophages but rather requires active recognition by

T cells of macrophage MHC determinants.

Significance to Biomedical Research and the Program of the Institute : The

regulation of the immune response by manipulation of the determinants

actively recognized by T cells as "self" promises to not only signficantly

expand our understanding of the generation of the T cell repertoire, but

also promises to have a significant impact on our ability to regulate

recognition of foreign antigen for the treatment of human disease.
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Proposed Course of the Project : In the Immediate future, the project will be
directed at determining what other non-MHC triggered signals are involved in

cell interactions and self-recognition by both T cells and non-T cells.

Publications

Singer, A., Cowing, C. , Hathcock, K. , Dickler, H. B. and Hodes, R. J.:

Cellular and genetic control of antibody responses in vitro. III. Immune
response gene regulation of accessory cell function. J. Exp. Med. 147:
1611-1620, 1978.

Hodes, R. J., Ahmann, G. B. , Hathcock, K. S. , Dickler, H. B., and Singer, A.:
Cellular and genetic control of antibody responses in vitro. IV. Expression
of la antigens on accessory cells required for responses to soluble antigens
including a response under Lr gene control. J. Immunol . 121: 1501-1509,
1978.

Singer, A., Hathcock, K. S., and Hodes, R. J.: Cellular and genetic control
of antibody responses. V. Helper T cell recognition of H-2 determinants on
accessory cells but not B cells. J. Exp. Med . 149: 1208-1226, 1979.

Pincus, S., Singer, A., Hodes, R. J., and Dickler, H. B. : Anti-(T,G)-A—

L

idiotypes: Initial studies of genetic control and cellular expression.
In Pernis, B. and Vogel, H. (Eds.): Cells of Immunoglobulin Synthesis .

Academic Press, Inc., New York, New York, in press.

Hodes, R. J., Ahmann, G. B. , Cowing, C. , Hathcock, K. S., Dickler, H. B.
,

Sachs, D. H. , and Singer, A.: Expression of I region gene products on
accessory cell populations. In Terry, W. D. and Yamamura, Y. (Eds.)

Immunobiology and Immunotherapy of Cancer . Elsevier North-Holland
Publishers, New York, New York, in press.

Dickler, H. B. , Cowing, C, Ahmann, G. B. , Hathcock, K. S., Sachs, D. H. :

Hodes, R. J. and Singer A.: Expression of I_r genes and la antigens by
adherent accessory cells required for antigen-specific antibody forming
cell responses. _In van Furth R. (Ed.): Mononuclear Phagocytes. III.

Amsterdam, in press.

Singer, A., Hathcock, K. S., and Hodes, R. J.: MHC restricted helper T

cell recognition of accessory cells but not B cells. In Rosenthal, A.

and Unanue, E. (Eds.): Regulatory Role of Mononuclear Phagocytes in
Immunity . Acadmic Press, New York, New York, in press.

Dickler, H. B. , Cowing A., Ahmann, G. B., Hathcock, K. S., Sharrow, S. C,
Hodes, R. J., and Singer, A.: Characterization of the accessory cells
required in T lymphocyte dependent antigen-specific immune responses. In

Rosenthal, A. and Unanue, E. (Eds.): Regulatory Role of Mononuclear
Phagocytes in Immunity . Academic Press, New York, New York, in press.
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Hodes, R. J., Ahmann, G. B., Nadler, P. I., Hathcock, K. S., and Singer, A.:

T cell recognition of syngeneic and allogeneic H-2 determinants. In Bach,
F., Bonavida, B. , Vitetta, E., and Fox, C. F. (Eds.): T and B Lymphocytes :

Recognition and Function. Academic Press, New York, New York, in press.
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SUMMARY OF WORK (200 words or less - underline keywords) - —

The long term goal is to explore the mechanism by which accessory cells
process and present antigen to lymphoid cells and how they function in the

regulation of the immune response . Using antigen-specific primed lymph node
T cell proliferation and the in vitro primary antibody-forming cell response

,

the population(s ) of cells possessing accessory cell function have been
characterized: Thy 1.2 negative, surface Ig negative, I-A and I-E/C sub-
region antigens positive, radioresistant, glass adherent, phagocytic, Fc

receptor positive. Accessory cell function required living cells and the
efficiency of such function was directly related to the length of time the
cells were exposed to antigen. Response to the antigens TNP-(T,G)-A—L and
TNP-(H,G)-A—L was controlled by autosomal dominant genes located in the K or
I-A regions of the responder H-2 complex and therefore mapped identically to

the Ir genes controlling overall in vitro and in vivo responsiveness to

these antigens.
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Project Description

Objectives : 1) To phenotypically characterize the cell population(s) which
possess accessory cell function. 2) To evaluate the role of la antigens on
accessory cells in terms of the activation of subsets of B and T lymphocytes.
3) To determine the relationship between accessory cell la antigens and the
expression of Ir genes in these cells. 4) To explore the mechanisms by which
accessory cells take up, "process" and present antigen to lymphoid cells.

Methods : 1) Adherent cells are purified from spleen and peritoneal exudate
by adherence to glass and removal or inactivation of other cell types by
various means including: a) treatment with anti-Thy 1.2 and C, b)
irradiation, c) fluorescein-conjugated F(ab')2 anti-Ig or fluorescein-
conjugated protein coated polystyrene particles plus fluorescence activated
cell sorting. 2) Accessory cells are removed from lymphoid cell populations
by passage over Sephadex GIO. 3) la antigens and other surface markers are
detected by immunofluorescence. la bearing cells are removed by treatment
with alloantisera and C'. The synthesis of la antigens is measured by
internal labeling with H-leucine, followed by solubilization, immuno-
precipitation and gel electrophoresis. 4) Fc receptors' were evaluated
using antigen antibody complexes and indirect immunofluorescence. 5) The
immunologic function of accessory cells is assessed by T cell activation as
measured by thymidine incorporation in vitro, or by antibody formation by B

cells in the _in vitro induction of primary antibody-forming cell responses
as measrued by plaque formation.

Major Findings : T l5Tnphocyte dependent antigen specific immune responses
were evaluated using lymphocyte populations which required the addition of
exogenous accessory cells in order to phenotypically characterize the cell(s)
which provide accessory cell function. This function was provided by a

population which was Thy 1.2 negative, radioresistant, glass-adherent, and
were only functional if alive. The accessory cell function of spleen adherent
cells was proportional to the length of time such cells were incubated with
antigen and very small numbers of such cells provided accessory cell function.
Depletion of surface Ig positive cells from the adherent population did not
affect accessory cell function whereas depletion and reconstitution
experiments indicated that phagocytic cells were required. Such cells also
bore Fc receptors. Cytotoxic studies with subregion restricted anti-la anti-
bodies and complement indicated that accessory cell function resided in a

subpopulation of spleen adherent cells which bore the I-A and I-E or C sub-
region antigens. The function of such cells was not related to a selective
ability (vs. other spleen adherent cells) to take up antigen.

The possibility was investigated that Ir genes regulate the function of
cells other than T or B cells in the primary IgM PFC responses to the syn-
thetic antigens TNP-(T,G)-A—L and TNP-(H,G)-A—L. The primary PFC responses
of (Responder x Nonresponder)F-, spleen cells to both antigens were abrogated
by G-IO Sephadex passage and restored by the addition of spleen adherent
cells which had the characteristics described above. The abrogated responses
of G-10 Sephadex passed (Responder x Nonresponder)F-, spleen cells to each
antigen were reconstituted only by spleen adherent cells from stains which
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were responders to that antigen. All the spleen adherent cells tested
restored the non-Ir gene controlled response to a third antigen, TNP-KLH.
The ability of spleen adherent cells to function as accessory cells in the
primary PFC responses to TNP-(T,G)-A—L and TNP-(H,G)-A—L was shown to be
controlled by autosomal dominant genes which were shown by the use of recom-
binant strains to be located in the K or I-A regions of the responder H-2
complex, the same region(s) of H-2 as the I_r genes controlling overall in

vitro and _in vivo responsiveness to these antigens.

Significance to Biomedical Research and the Program of the Institute : Since
spleen adherent cells function as accessory cells in antigen presentation to

T lymphocytes and phenotypically express both la antigens and Lr genes, an
understanding of the mechanisms underlying accessory cell function in the
immune response may lead to new modes of therapy for cancer and other human
diseases.

Proposed Course of Project : Due to time commitments to other projects this
study will not be pursued at this time. However, then time and personnel
permit, the proposed course will be: 1) Evaluation of the functional
interactions between subpopulations of adherent cells and subpopulations of
lymphocytes; 2) The mechanism of Ag uptake and processing by accessory
cells will be examined by internal and surface labeling of la in conjunction
with uptake of radiolabelled antigens under Ir^ gene control.

Publications

Singer, A., Cowing, C, Hathcock, K. S., Dickler, H. B. , and Hodes, R. J. :

Cellular and genetic control of antibody responses in vitro. III. Immune
response gene regulation of accessory cell function on non-T, non-B spleen
adherent cells. J. Exp. Med . 147: 1611-1620, 1978.

Hodes, R. J., Ahmann, G. B., Hathcock, K. -S., Dickler, H. B. , and Singer, A.:
Cellular and genetic control of antibody responses in vitro. IV. Expression
of la antigens on accessory cells required for responses to soluble antigens
including a response under _Ir gene control. J. Immunol . 121: 1501-1509,
1978.

Cowing, C, Pincus, S. H. , Sachs, D. H. , and Dickler, H. B. : A subpopulation
of adherent accessory cells bearing both I-A and I-Z or C^ subregion antigens
is required for antigen-specific murine T lymphocyte proliferation. ^J.

Immunol . 121: 1680-1686, 1978.

Hodes, R. J., Ahmann, G. B. , Cowing, C, Hathcock, K. , Dickler, H. B. , Sachs,
D. H. , and Singer, A. : Expression of I regiona gene products on accessory
cell populations. In Terry, W. D. and Yamaraura, Y. (Eds.): Immunobiology
and Immunotherapy of Cancer . Elsevier North-Holland Publishers, New York,
New York, in press.

Dickler, H. B. , Cowing, C, Ahmann, G. B., Hathcock, K. S., Sharrow, S. 0.,
Hodes, R. J., and Singer, A.: Characterization of the accessory cells
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required in T lymphocytes dependent antigen-specific immune responses.
In Rosenthal, A. and Unanue, E. (Eds.): Regulatory Rule of Mononuclear
Phagocytes in Immunity . Academic Press, Inc., New York, New York, in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

Cultures of peripheral blood leukocytes from a series of human donors were
stimulated in vitro against TNP-modified autologous leukocytes . Prolifera-
tive and cytotoxic T cells were obtained after primary, secondary and
teritary in vitro stimulation. The cytotoxic effectors exhibited TNP-
dependent activity against modified murine IjTnphocytes. Blocking studies
demonstrated inhibition of cytotoxic activity by addition of TNP-modified
autologous targets, but not by TNP-lysine or TNP-conjugated chicken erytho-
cytes. This establishes that the T cells do not recognize TNP exclusively
but in association with human-specific self determinants . These determinants
have been classified into three groups based on studies of direct lysis and
cold target cell inhibition using panels of effectors from family members
and unrelated donors. One class was polymorphic and associated with sero-
logically defined HLA-A and -B locus antigens. A second class was not
strongly associated with these antigens but was polj^orphic and HLA-linked.
A third class of "public" determinants existed for which there was little
if any polymorphism among the donors studied. This suggests that T cells
recognize a variety of self-determinants in association with TNP.
PHS-6040
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Project Description

Objectives : The primary objectives of this laboratory are to investigate the
function of T lymphocytes, the role of self recognition, and the effects of
major histocompatibility genes on the murine and human immune systems. These
studies are being pursued using mouse and human leukocytes which are
sensitized to autologous cells either modified with chemical agents (e.g. the
trinitrophenyl group) or infected with viruses (e.g. influenza, measles).

The purpose of this project was to determine whether human lymphocytes can
recognize and respond to TNP-modified autologous leukocytes in ways similar
to that observed using mouse lymphocytes, and if human modified self re-
activity can be detected, to determine if self HLA-coded products are in-
volved in the recognition, to map such products within the HLA complex, and
to determine whether immune response genes are involved in such T-cell re-
sponses. Little progress has been made on this project since the last
report due to the fact that the laboratory has concentrated during the past
year on the murine TNP system and on the human influenza system (see
#05038-07 and #05078-02). However, we are not terminating this project of
the effector cell populations (see below).

Methods Employed : Human peripheral blood leukocytes were obtained from
normal adult volunteers, separated on a Ficoll-Hypaque gradient, and
sensitized in vitro in primary and secondary cultures against TNP-modified
and unmodified autologous and allogeneic (unrelated) leukocytes. Prolifera-
tion of the responding Ijnnphocytes was assessed by pulse-labelling with
-'H-thymidine and by -'-'-Cr-release assays at various times after primary,
secondary, and tertiary sensitization. Cell separations were performed
by: (a) depletion of effector cells of Fc-receptor-bearing cells by

incubation on antigen-antibody coated plastic surfaces; (b) sequential
fractionation on Sephadex G-200 anti human F(ab')2 columns followed by

incubation on antigen-antibody coated plas-tic; and (c) rosette formation
with sheep erythrocytes.

Major Findings : Peripheral blool leukocytes from all normal human donors
(30/ 30) studied generated trinitrophenyl (TNP)-dependent cytotoxic activity
following ^ vitro sensitization with TNP-modified autologous cells. Weak
cytotoxic activity was generated during primary culture, increased approxi-
mately 100-fold during secondary stimulation, and another 5-fold during
tertiary stimulation. The cytotoxic activity was shown to be TNP-dependent
at both the sensitization and the lytic phases. Effectors lysed not only
TNP-modified autologous cells but all TNP-modified human leukocyte targets
tested, including those which shared no serologically-def ined HLA-A; B or

-C locus determinants with the specific targets. This crossreactivity
appeared to be species specific, since it was not observed when human
effectors were tested on TNP-modified mouse targets. The TNP-dependent
cytotoxic activity on autologous and unrelated cells was shown to be

mediated by T-cells without requirement for Fc-bearing cells; cytotoxic
activity was recovered in subpopulations of cells positively selected by

sheep erythrocyte resetting technqiues and in subpopulations negatively
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selected by depletion of phagocytic cells, sig-positive lymphocytes,
and Fc-receptor positive lymphocytes. Unlike ADCC mediated by anti-TNP
antibody, the cytotoxic activity was inhibited by TNP-modified autologous
cells, but not by TNP-lysine, or TNP-conjugated chicken red blood cells.
Specificity of the classes of self determinants recognized in association
with TNP was investigated by direct lysis and cold target cell competition.
Interpretation of the results of direct lysis experiments was facilitated
by the use of interaction analysis. Studies of effector populations from
six siblings demonstrated that on the average approximately A0% of the
cytotoxic activity was specific for polymorphic determinants of which most
or all were HLA-linked. Studies of effectors from six unrelated donors,
selectively matched for HLA-A and -B locus determinants, demonstrated that
some of the cytotoxic activity was directed against HLA-A and/or -B locus-
associated poljnnorphic determinants, but that the serologically-def ined
HLA-A and -B locus antigens were not the only polymorphic determinants
recognized. Studies by cold target cell competition demonstrated that
some of the cytotoxic activity was directed against TNP in association
with relatively nonpolymorphic antigens. Thus, there was evidence for
considerable diversity of the classes of self determinants which human
T-cells can recognize in association with TNP. Furthermore, the possibility
of immune response gene control of the cytotoxic response to these determi-
nants was suggested by differences between donors in their response to
TNP-modified self determinants.

Significance to Biomedical Research and the Program of the Institute : This
project is of fundamental immunological importance in that it provides one of
the first known examples of cell-mediated immunity involving self-recognition
by human lymphocytes, and it can be used to test a number of major histocom-
patibility-linked immune phenomena in man which are known to occur in mice.
It may also be useful for HLA typing of human l3anphocytes for possible new
immune functions and for investigating immune response genes in man without
having to immunize human subjects. The finding that certain polj^orphic
determinants expressed on the lymphocytes of all humans tested (but not on
mouse Ijrmphocytes) raises the possibility that these represent heretofore
unidentified structures which are important components of associative recog-
nition involving self and foreign antigens. Preliminary studies using
Ijrmphocytes from DNCB sensitized donors restimulated in culture with DNP-
modified syngeneic cells indicated that effectors were generated which
lysed DNP- but not TNP-modified syngeneic targets. This response exhibited
no corssreactive lysis on modified HLA-unrelated targets, in contrast to
the TNP system.

Proposed Course of Project : We plan to use the T-effector cell cloning
system to study the clones of effector cells which recognize TNP in associa-
tion with the following classes of self determinants: (a) widely shared
among humans; (b) polymorphic, HLA-linked and associated with HLA-A and
-B; and (c) polymorphic, HLA-linked that are not strongly associated
with HLA-A and -B locus determinants.
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Publications

Shaw, J. S. and Shearer, G. M. : Cell mediated cytotoxicity against TNP-

modified human leukocytes. In Wernet, P. (Ed.) Cytotoxic Cell-Interaction
and Immunostimulation . Academic Press, in press.

Shaw, S., Levis, W. , Dattner, A. M. , and Shearer, G. M. : Specificity

of human cytotoxic responses to chemically modified autologous cells.

Transplant. Proc . 10: 937-541, 1978.

Shaw, S. and Shearer, G. M. : Human cytotoxic response in vitro to

trinitrophenyl-modif led autologous cells. II. Diversity of self determi-

nants recognized in association with TNP. J. Immunol . 121: 290-299, 1978.

Shaw, S., Nelson, D. L. and Shearer, G. M. : Human cytotoxic response

in vitro to trinitrophenyl-modif led autologous cells. I. T-cell recognition
of TNP in association with widely shared antigens. J. Immunol . , 121:

281-289, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords) -
^

Synthetic amphiphilic macromolecules composed of stearic acid covalently linked

to fluorescent dextran derivatives were synthesized as models for membrane

proteins. These water-soluble molecules adsorb to all artificial and cell

membranes tested. The lateral diffusion and qualitative behavior of these
molecules on artificial mfenlbranss and on the surface of fibroblasts have been

studied. The lateral diffusion constant of these molecules on the surface of

fibroblasts is about 2x10" cm /sec, and on synthetic membranes is about

5-fold faster. Addition of antibody to determinants on the dextran produces

patching for all membrane bound molecules; for lymphocytes and for many

fibroblasts, capping also occurs. In addition the technology developed was

used to allow the formation of IgA coated erythrocytes which have successfully

detected IgA specific Fc receptors on mouse lymphocytes.
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Project Description

Objectives: To test the properties of synthetic membrane antigens in cell
membranes and compare these with natural membrane antigens in the same cells.
In particular, a molecular explanation of the capping phenomenon which occurs
upon crosslinking membrane antigens is sought.

Methods Employed ; Dextran and other polysaccharide derivatives containing
covalently linked TNP, rhodamine and sterate were synthesized. Saline
solutions of these compounds (10-1000 pg/ml) were incubated with cells followed
by washing. The adsorbed antigen was then followed by using the fluorescence
microscope with direct visualized or by staining with rhodamine labeled anti-
TNP. Quantitative measurements of lateral diffusion were made using
fluorescence photobleaching recovery. IgA coated ox erythrocytes were made
by adsorbing stearoylated dextrans and arabinogalactans to the erythrocytes
and then incubating with QUPC 52 and SAPC 10, IgA myeloma proteins which bind
the respective polysaccharide. These red cells were incubated with lympho-
cytes and found to form rosettes by standard techniques.

Major Findings : Stearoylated dextrans adsorbed on the membrane of fibro-
blasts undergo patching and capping when crosslinked by antibody. These
processes are remarkably similar to those seen with natural fibroblast anti-
gens. On flattened cells, patches form in rows, very similar to those shown
to correlate with intracellular myosin by other groups. A quantitative
study of lateral diffusion of these molecules showed that they move at the

same rate as the less restricted membrane proteins previously studied, i.e.,

with a lateral diffusion constant of 2x10" cm /sec. When crosslinked
by low concentrations of antibody, the lateral diffusion is greatly retarded,
even under conditions where no patches are visible. A continuation of the
study of these molecules on lymphocyte surfaces showed that thymocytes adsorbed
these molecules from solution more readily than splenocytes, showed an optimum
surface concentration for capping, and capped the adsorbed species more
slowly than splenocytes. The drug inhibition of the capping on these cells,
like stearoylated dextrans on spleen cells, was very similar to drug inhibition
of capping of natural markers such as sig. In the IgA Fc receptor col-
laborative study with Warren Strober in the Metabolism Branch, NCI, 4-6% of

normal mouse spleen cells were found to form IgA rosettes, implying that
this class of antibody has its own Fc receptor.

Signifif icance to Biomedical Research and the Program of the Institute : This
project is aimed at elucidating basic aspects of biological membranes,
especially the behavior of antigens on cell surfaces. Such antigens play a

vital role in graft and tumor rejection. The studies undertaken have
revealed that simple model membrane molecules passively inserted into
membranes show many of the properties of natural membrane antigens, including
capping.

Proposed Course of Project : We are phasing out this project since we are
now shifting over to isolate purified histocompatibility antigens and to

study their behavior in natural and synthetic membranes.
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Publications

Strober, W. , Hague, N.E., Lum, L.G. , and Henkart, P.A. : IgA-Fc receptors
on mouse lymphoid cells. J. Immunol. 121: 2440-2445, 1978.
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SUMMARY OF WORK (,200 words or less - underline keywords)

It has been demonstrated that the T cell proliferative response to Con A and
the T cell dependent IgM responses to trinitrophenyl (TNP) conjugated keyhole
limpet hemocyanin (KLH) require the participation of an accessory population.
This subpopulation of spleen cell is glass adherent, non-T, non-B, 1500 R
resistant and expresses la (I-region associated) determinants encoded by

genes in I-A and I-E/C and these determinants are expressed on the same
ell. Further characterization of this accessory population revealed that

for the antibody response the accessory cell appears to be phagocytic and
H-2 identity was required with the T cells. However, for the Con A response
the cell appears to be non-phagocytic and does not have to be H-2 identical
with the responding T cells in order to perform its accessory function.
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Project Description

Objectives : la antigens are serologically demonstratable cell surface
determinants which appear to play important roles in cell-cell interactions.
The objective of this study is to investigate the role these la determinants
play in cellular interactions involved in T cell-mediated on T cell-dependent
responses. In particular the T cell proliferative response to Con A and the
T cell-dependent in vitro primary antibody response to TNP-con jugated proteins
are being studied.

Methods Employed : Cell separation and reconstitution techniques are being
employed and have established that accessory cells are required for both the
Con A proliferative response and the primary antibody response to TNP-KLH.
Accessory populations are then treated with anti-la reagents and complement (C)
and assessed for their ability to reconstitute both responses. Accessory
cells are also being fractionated into phagocytic and nonphagocytic populations
by their ability to ingest fluorescent latex particles as detected by the
Fluorescent Activated Cell Sorter and these fractions then evaluated for
their ability to restore the Con A responses.

Major Findings : (1) It has been shown that the T cell proliferative response
to Con A and the T cell dependent primary in vitro antibody response to TNP-
KLH require the presence of glass adherent spleen cells treated with a T cell
specific rabbit anti-mouse brain sera and irradiated with 1500. (2) These
splenic adherent cells (SAC) can have their accessory function abolished by
treatment with anti-la and C. Using sub-region specific anti-la reagents,
it was shown that these SAC expressed la determinants encoded by genes in I-A
and I-E/C . In addition, these determinants are expressed on the same cells.
(3) For the Con A proliferative response, removal of the latex-ingesting
cells by means of the fluorescent activated cell sorter from either the
whole spleen and SAC population has no effect on their ability to respond or
reconstitute the Con A response, respectively. (4) The reconstituting SAC
in the Con A response were effective whether or not they were H-2 identical
with the responding T cells.

Significance to Biomedical Research and the Program of the Institute : Ir
gene products play a significant role in regulation of immmie responses. A
basic understanding of the expression, and perhaps the functional role of
one class of 1_ region gene products, la antigens, in mitogen responses, and
in antibody production should provide insight into the mechanisms of control
of these immune responses. Such insight would be relevant to evaluation of
the host response to allograft and tumor challenge.

Proposed Course of Project : Studies are in progress to further define the
properties of the la accessory cell and its mechanism of action and to evalu-
ate its role in other in vitro systems. Genetic studies will also be per-
formed to determine which gene(s) control expression of the la determinants
necessary for the generation of a suppressor cell in cell-mediated lympholysis
(CML). The Principal Investigator on this project will be leaving on
June 30, 1979. It has not been determined whether this project will be
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continued under the direction of another investigator who has been

associated with this study.

Publications

Ahmann, G. B., Sachs, D. H. , and Hodes, R. J.: Genetic analysis of determin-

ants on Con A reactive cells. J. Immunol . 121: 159-165, 1978.

Hodes, R. J., Ahmann, G. B. , Hathcock, K. S., Dickler, H. B. and Singer, A.:

Cellular and genetic control of antibody responses in vitro IV expressions

of la antigens on accessory cells required for responses to soluble antigens

including a response under Ir gene control. J. Immunol . 121: 1501-1509, 1978.

Ahmann, G. B. , Sachs, D. H. , and Hodes, R. J.: Requirement for an la-

bearing accessory cell in Con A-induced T cell proliferation. J. Immunol .

121: 1981-1989, 1978.

485



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do HOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE Of

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 05075-02 I

PERIOD COVERED

October 1, 1973 to September 30, 1979
TITLE OF PROJECT (80 characters or less)

Liposome-Cell Interactions

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

Investigator I NCI
Senior Investigator LTB NCI
Senior Investigator LTB NCI
Director, Immunology Program IP NCI
Chemist I NCI

PI: L. D. Leserman
Other: J. N. Weinstein

R. Blumenthal
w. D. Terry
s. 0. Sharrow

COOPERATING UNITS (if anj

LAB/BRANCH

Immunology Branch

INSTITUTE AND LOCATION
NCI, NIH, Bethesda, Maryland 20205

TOTAL MANYEARS:

1.2
PROFESSIONAL:

1.2

CHECK APPROPRIATE 30X(ES)

G (a) .HUMAN SUBJECTS

q (al) MINORS G (a2) INTERVIEWS

(b) HUMAN TISSUES 3 (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

Small sonicated liposomes containing fluorescent compounds and cytotoxic
drugs have been incubated with myeloma tumor cells, phagocytic cells and
other lymphoid cells. Dinitrophenol or phosphoryl choline hapten covalently
bound to liposome membrane phospholipids mediates in vitro targeting of
drugs to myeloma tumor cells bearing surface immunoglobulin of corresponding
specificity. Binding of large quantities of cytotoxic drugs to non-phagocytic
tumor cells has proven to be of little therapeutic value, because the drugs
do not enter the cells after binding. By contrast, phagocytic tumor cells
show markedly enhanced sensitivity to drug effects when the drug-containing
Liposomes are opsonized by antibody to the liposome bound hapten. These
studies are being extended to evaluate the possibility of inducing specific
immunologic unresponsiveness to haptens on drug carrying liposomes as a
consequence of toxicity to precursor cells.
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Project Description

Objectives: To evaluate applications of hapten-bearing liposomes as markers

of cell surface determinants and as carriers of drugs to tumor cells or to

cells participating in immune responses.

Methods Employed : Single-bilayer vesicles are made from hapten-derivatized

phospholipids and cholesterol. The fluorescent compound carboxyfluorescein

and cytotoxic druges such as methotrexate have been encapsulated in the

liposomes. Uptake of the liposomes has been monitored by fluorescence

microscopy, by fluorometry and by the fluorescence activated cell sorter.

In drug studies we have evaluated drug delivery by uptake of radionuclides.

Addition of antibodies to liposome-bound haptens has been used to measure

the effect of opsonization on drug delivery to phagocytic cells.

Major Findings: Hapten-bearing liposomes will bind specifically to myeloma

cells which have surface immunoglobulin with affinity for that hapten.

Despite high levels of binding of liposome encapulated methotrexate, the

myeloma tumors are not affected by drugs delivered in liposomes because the

surface bound liposomes are not taken into the cell. Antibody-opsonized but

not unopsonized liposomes are endocytosed readily by phagocytic tumor cells,

and these cells are affected by levels of encapsulated drug much lower than

those effective in free solution.

Significance to Biomedical Research and the Program of the Institute :

Fluorescent liposomes bearing surface antigens have shown promise as new

markers for surface immunoglobulin. Studies on the interaction between

cells and liposomes containing drugs have a direct bearing on attempts to

target therapy to tumors.

Proposed Course of Project : Hapten-bearing drug-carrying liposomes will be

used to study interactions of cells in the immune response. We will evaluate

the potential of cytotoxic drugs to eradicate cells responding to antigens

carried on the liposome surface membrane. Antimetabolites will be used to

examine metabolic pathways in immune activation.

This project will be terminated on June 30, 1979, since the principal

investigator will be leaving. It is anticipated that certain phases of

this study will be continued under the direction of other investigators

who have been associated with this project.

Publications

Leserman, L. D. , Weinstein, J. N. , Blumenthal, R., Sharrow, S. 0., and

Terry, W. D.: Binding of antigen-bearing fluorescent liposomes to the

murine myeloma tumor MOPC 315. J. Immunol . 122: 585-591, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)
Balb/c H-2° ° spleen cells generated a strong primary in vitro CML response

against Balb/c (H-2)'^ wild type spleen cells. The effector cells generated

were specific for L antigens . In an allogeneic CML response between two

non-mutant strains directed against H-2D region antigens, two clones of

cytotoxic effector cells could be identified, one with specificity for

D antigens , and the second with specificity directed against L antigens

When sjmgeneic cytotoxic effector cells were generated against TNP modified

H-2D antigens, no clones with specificity for L-TNP modified antigens could

be detected. This contrasts with the H-2 restricted murine influenza model,

in which influenza virus can be recognized by cytotoxic T cells in associa-

tion with products of the L locus. Therefore, although products of the L

locus are capable of inducing allogeneic cytotoxic effector cells, and serve

as self recognition structures for influenza virus, these antigens appear

not to be capable of eliciting syngeneic effector cells specific for the

TNP hapten.
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Project Description

Objectives: The objective of this project was to determine the ability of

L-locus products of the H-2D region to stimulate the generation of allo-

geneic cytotoxic effector cells. Additionally, the ability of chemically

(TNBS) and virally (Hong Kong strain of influenza) treated H-2L antigens to

stimulate syngeneic H-2-restricted cytotoxic effector cells is also under

investigation.

Methods Employed : Spleen cells from Balb/c H-2 mutant mice (a loss type

mutant in which L-locus products are antigenically undetectable) and other

mouse strains were cultured for 5 days against either spleen cells, or TNBS

treated spleen cells. The effector cells from these cultures were harvested

and assayed on Cr labelled target cells. The use of non-radioactively

labelled ("cold") spleen cells (i.e. cold target inhibition) and specific

anti-H-2 antisera (i.e. antiserum blocking) were frequently employed.

Major Findings : Balb/c H-2 spleen cells generated cytotoxic effector cells

after stimulation with Balb/c (H-2 ) wild type cells. Antiserum blocking

experiments showed that these effector cells were specific for the L anti-

gen(s). When two non-mutant strains were used to generate cytotoxic cells

against H-2D region differenes, it was found (by cold target inhibition and

antibody blocking techniques) that at least two clones of effectors could

be identified, one clone specific for L antigens, and a second clone with

specificity for D antigens. When autologous TNP-modified spleen cells

were used to stimulate responding spleen cells, the resultant H-2D TNP

specific effectors were examined for the presence of L-TNP specific killers.

Using cold target inhibition and antibody blocking methods, effector cells

generated against putatatively TNP modified H-2L products were not detected.

Therefore, although the L alloantigens are capable of inducing allogeneic

cytotoxic effector cells, they may not be capable of inducing syngeneic

effector cells specific for TNP modified antigens.

Significance to Biomedical Research and the Program of the Institute : This

work extends the understanding of genetic loci and their products which map

in the major histocompatibility complex (MHC) and examines their immuno-

logical relevance for T-lymphocyte recognition. It also provides information

concerning the immunological implications involved in mutations within the

MHC.

Proposed Course of Project : The ability of L-locus products to stimulate

and serve as target antigens for cytotoxic effector cells with be further

examined in order to determine whether these antigens are analogous to

association antigens (H-Y, minor histocompatibility, etc.), or similar to

H-2K and H-2D products. The significance of L-locus products in the

generation of cytotoxic effector cells against influenza infected augologous

cells, and the role of these antigens in the stimulation of lymphocyte

proliferation (MLR) will also be examined.
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Hansen, T. H. and Levy, R. B.: Alloantigens determined by a second £
region locus ellicit a strong in vitro cytotoxic response. J. Immunol .

120: 1836-1840, 1978.

Levy, R. , Shearer, G. M. , and Hansen, T. : Properties of H-2L locus

products in allogeneic and H-2 restricted trinitrophenyl-specif ic cytotoxic
responses. J. Immunol. 1211 2263-2269, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)

T-cell-mediated cytotoxicity has been generated by culturing immune spleen

cells from untreated donors without the addition of any known cellular

antigens. The effectors generated preferentially lysed H-2 matched targets,

but also lysed to some extent allogeneic target cells. High (H-2 ) and

low (H-2'^' ) responder strains were identified, and strong responsiveness

was a dominant characteristic. Specificity studies indicated that multiple

clones of cytotoxic cells were generated in these cultures. Separate clones

of effector cells could be identified which were responsible for the H-2 re-

stricted and the non-restricted components. The findings suggest that the

self-restricted component may be directed in part at either components

present in a specific serum (i.e. fetal calf but not horse) or antigens in-

duced by that serum.
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Project Description

Objectives : The primary objectives of this laboratory are to investigate
the function of T lymphocytes, the role of self recognition, and the effects
of major histocompatibility genes on the murine and human immune systems.
The specific goal of this project was to investigate the requirements for
the generation of "autosensitized" effector cells, as well as the antigens
involved in the stimulation of these effector cells and the antigens in-
volved in the lytic phase of the response.

Methods Employed : Spleen cells from various mouse strains were cultured in
vitro for 5 days, and assayed on a number of Cr-labelled H-2 matched or
unmatched target cells. Non-radioactively labelled ("cold") tumor cells
were used to inhibit the cytotoxic effector cells.

Major Findings : Cytotoxic effector cells were detected after mouse spleen
cells were cultured in vitro for 5 days without the addition of non-self
(H-2) or modified stimulator cells. The effector cells were shown to be
T-lymphocytes. Direct cytotoxic lysis indicated that H-2 matched target
cells were lysed to a greater extent than H-2 unmatched targets. Cold tar-
get inhibition studies confirmed these results and suggested that at least
two clones of cytotoxic effectors were present: one clone inhibitable with
H-2 matched cells only, another clone inhibitable with either H-2 matched or
H-2 unmatched cells. Of several strains examined, spleen cells from H-2

responder) levels of

;lls. High respon-
siveness appeared to be dominant, since cells from F, hybrids of high and
and low responders generated strong responses.

haplotype strains generated significantly greater (high re

cytotoxicity than H-2 and h-2 (low responder) spleen ceJ

The generation of these effector cells appeared to depend on the serum
source used to supplement the sensitization medium, since only spleen cells
cultured in fetal calf but not horse serum' generated this lytic activity.
The incubation of target cells in various serum sources supported these
conclusions. Target cells assayed in fetal calf serum were significantly
more susceptible to "autosensitized" effector cells than the same target
assayed in a different serum source (horse, minipig).

Significance to Biomedical Research and the Program of the Institute : This
study provides an example of major histocompatibility restricted cytotoxicity
in which the modifying agent possibly (some undefined component of fetal calf
seriim) does not require covalent linkage to or infection of the cells. It

permits a study of fetal serum proteins with respect to their ability to

interact with tumor cells and the immunogenicity resulting therefrom. This
work also has implications concerning the nature of immune recognition of
syngeneic tumor cells maintained in fetal calf serum supplemented media and
permits an analysis of the MHC restricted and non-restricted components
of the response.

Proposed Course of Project : Various serum sources will be examined for their
ability to support the generation of "autosensitized" effector cells. The
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significance of various serum components (ex. fetal proteins) in the in-

duction of this response will be investigated, since the difference in the

susceptibility of various tumor cells to autosensitized effectors, as well

as the high and low responsiveness of various H-2 strains could be a result

of the ability of each cell type to bind a critical serum component. The

genetic aspects of the high and low responder strains will be further

studied. A clonal analysis of the restricted and non-restricted components

will be attempted by cloning single cells in long-term cultures in the

presence of T-cell growth factor. If this is possible, we may be able to

investigate why some effector populations are MHC restricted whereas others

are not and to compare the receptors on these sub-populations of T-killer
cells.

Publications

Levy, R. B. , Shearer, G. M. , Kim, K. J., and Asofsky, R. M. Xenogeneic
serum-induced murine cytotoxic cells: I. The generation of effector
components specific for self and allogeneic target cells. Cell. Immunol .

,

in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

Conditions have been developed for: (a) in vitro stimulation of influenza
virus-immune cytotoxic effector cells in human peripheral blood leukocyte
(PEL) populations; and (b) measurement of effector cell activity on virus-
infected cryopreserved human PEL target cells. Effector cells generated
in vitro and influenza type (but not subtype) specific and are HLA-A and
HLA-B restricted. The cytotoxic response appears to be controlled by HLA-
linked genetic factors since: (a) cytotoxic activity is predominantly
associated with antigens of only one haplotype; and (b) effector cells frorr

certain donors recognize virus in association with some but not all self
HLA-A and -B antigens.
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Project Description

Objectives : The primary objectives of this laboratory are to investigate the

function of T lymphocytes, the role of self recognition, and the effects of

major histocompatibility genes on the murine and human immune systems. These
studies are being pursued using mouse and human leukocytes which are sen-
sitized to autologous cells either modified with chemical agents (e.g. the
trinitrophenyl group) or infected with viruses (e.g. influenza, measles).
The objectives of this project are to: (a) define the components of the
human major histocompatibility complex (HLA) which are recognized in associa-
tion with viral antigens by cytotoxic T cells; (b) analyze the virus
specificity of human inf luenzaimmune cytotoxic T cells; (c) determine if

there is any "Ir-like" genetic control of human T cell response potential
to influenza viruses; and (d) characterize the human cell populations re-
quired to generate virus-immune cytotoxic T cells.

Methods Employed : Human PBL were obtained from normal adult volunteers,
separated on a Ficoll-Hypaque gradient, and sensitized in vitro to live
influenza viruses. Cytotoxic activity was measured by Cr release from
cryopreserved peripheral blood cells which were thawed, stimulated with PHA,

and infected with influenza virus.

Major Findings : The human secondary cytotoxic T cell response ^ vitro to

type A influenza viruses is predominantly directed against cross-reactive
determinants on cells infected with serologically distinct type A influenza
viruses. Reciprocal exclusion of cytotoxicity was observed between effectors
sensitized to type A and B influenza viruses. Human influenza virus-immune
cytotoxic T cells recognize viral determinants predominantly (>90%) in con-
junction with self antigens that are encoded by genes closely linked to HLA
in family studies and that are highly associated with the HLA-A and -B loci

in population studies. In a family study, siblings consistently generated
cytotoxic activity against influenza predominantly in association with anti-
gens coded by genes of only one of their HLA haplotypes. Such haplotype
preferences were consistent among HLA-identical siblings, indicating that
the specificity of the T cell response to influenza virus in association
with HLA-A and -B antigens is controlled by genes linked to HLA. Virus-
immune effectors from certain donors recognize virus in conjunction with
some, but not all, of their self HLA-A and -B antigens. Among donors who
who share a given HLA antigen (such as A2 or B7), there are differences in

the ability of their virus-immune T cells to recognize the shared antigen.
Virus-infected target cells from HLA-A2 or B7 "nonresponder" donors could be

lysed by virus-immune T cells obtained from other donors who shared only
the HLA-A2 or -B7 antigen with these target cells. These observations
suggest that the absence of cytotoxic T cell responses by some donors to

influenza virus in conjunction with particular self HLA-A and -B antigens
is not due to control by the structural genes which code for these HLA
antigens, but rather may result from control of regulatory genes which act
at the level of the responder and/or stimulator cell.
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Significance to Biomedical Research and the Program of the Institute : This

project is of fundamental immunological importance, since: (a) it provides
one of the first known examples of cell-mediated immunity which involves
self-recognition by human lymphocytes, and (b) it involves a virus which is

of significance in human disease. Furthermore, this system can be used to

test a number of major histocompatibility-linked immune phenomena in man
which are known to occur in mice (e.g. , MHC-restriction, haplotype prefer-
ence, and Ir gene control).

Proposed Course of Project : Further studies will be performed using lympho-
cyte populations from unrelated HLA matched and unmatched individuals, and
from members of families including those known to be recombinants within
the HLA complex in order to better define the components of the HLA complex
which are recognized in association with viral antigens. Precursor popula-
tions and cytotoxic effector cells will be characterized by T-cell cloning
techniques in order to isolate, expand and investigate the specificity
and immunoregulatory properties of distinct effector cell clones. Studies
will be performed to examine antigen specificity of HLA-linked genetic
control of virus-immune T cell specificity. Preliminary results suggest
that there are differences in the HLA haplotype preferences observed
(detailed in section B.3.b.) between T cells sensitized to A/HK and B/HK
influenza viruses. In population studies, there are differences between
A/HK and B/HK-immune T cells in recognition by T cells may help to determine
whether different repertoires for foreign antigens exist for T cells which
recognize different self determinants. We shall attempt to determine if

differences in HLA recognition by virus-immune T cells observed in unrelated
individuals is controlled by genes associated with specific HLA loci (Ir

gene control). If HLA-linked Ir genes are responsible for the control of

self recognition by virus-immune T cells, individuals with the same
HLA-A, -B, -C, and DRw (D?) serological phenotype should have the same
"responder" or "nonresponder" status for recognition of each HLA-A or -B

specificity. We are currently examining this question by accumulating
cells for future testing from many individuals of selected HLA types.

These particular HLA types are associated with either "responder" or

"nonresponder" virus-immune T cell responses specific for a given HLA-A
or -B-associated self antigen. We plan to establish if differences in HLA
recognition by virus-immune T cells are due to differences in tTie responder
and/or stimulator cell functions. In order to approach this problem, de-
velopment of two techniques is required. First, because it is necessary
to infect a designated stimulator cell population with influenza virus in

a manner in which virus replication cannot continue and subsequently infect
other cells, we have begun to use a temperature-sensitive mutant virus
(A/Alaska/77 clone 26A1) developed by Dr. Bryan Murphy, NIH. To date, we
have demonstrated that ts Alaska is able to generate a strong virus-immune
T cell response after infection and irradiation of stimulator cells and
subsequent culture at the nonperraissive temperature (39°C). Second, in

order to use responder and stimulator peripheral blood leukocytes from
different individuals for generation of virus-immune cytotoxic T cells, it

is first necessary to inactivate any responder cells capable of generating
in alloimmune response against the stimulator cells. To remove this
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alloreactive potential, we are developing a negative selection technique
based on bromodeoxyuridine and light inactivation of proliferating cells.
If the two systems of ts mutant virus and negative selection can be de-
veloped, we will then be able to determine if HLA-linked genetic control
of influenza-immune cytotoxic T cell specificity is expressed at the level

of the responder and/or stimulator cell.

Publications

Biddison, W. E. , S. Shaw, and D. L. Nelson: Virus specificity of human
influenza virus-immune cytotoxic T cells. J. Immunol . 12 2: 660-664, 197 9.

Shaw, S. and W. E. Biddison: HLA-linked genetic control of the specificity
of human cytotoxic T-cell responses to influenza virus. J. Exp. Med .

149: 575, 1979.

Biddison, W. E. and S. Shaw: Differences in HLA antigen recognition
by human influenza virus-immune cytotoxic T cells. J. Immunol . 122 : 1705-

1709, 1979.

Shaw, J., W. E. Biddison, W. J. Pichler, and G. M. Shearer: HLA-restric-
tion of human influenza virus-immune cytotoxic T cells. Transplant Proc.

,

in press.
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Project Description

Objectives : Polyadenylic acid, whether added to RNA or covalently attached
to the 3 '-terminus as found with many mRNA species, prevents the hydrolytic
action of ribonuclease. In the presence of spermine or Mn'''^ the enzyme has

full hydrolytic activity and the nucleic acid is degraded. The purpose of

the study was to determine the nature of the functional groups of RNase which
interact with poly (A) as well as the functional groups of the purine which
participate in the interaction.

Methods Employed : Chemical modification of protein functional groups,
characterization of the modified protein, isoelectric focusing, affinity
chromatography, sucrose density gradient ultracentrifugation, analytical
ultracentrifugation, gel chromatography, ultraviolet absorption spectroscopy,

fluorescence, autoradiography.

Major Findings : A. Native ribonuclease-A slowly hydrolyzes poly(A). The
polyadenylic acid is protected by spermidine or MnCl2 against the hydrolytic
activity of the enzyme. While treatment of the enzyme with iodoacetic acid
inhibits catalytic activity towards RNA or cCMP, carboxymethyl-RNase has

full activity towards poly (A).

Modification of tyrosyl residues by either iodination or nitration does
not affect hydrolytic activity towards RNA or poly (A) although treatment of

the enzyme with acetylimidazole which has been reported to be selective for

tyrosyl residues does inhibit the activity against poly (A) with no change
in activity towards RNA or cCMP.

Treatment of RNase-A with increasing amounts of succinic anhydride

causes a very small decrease in activity towards cCMP and RNA but produces
a complete loss of activity towards polyadenylic acid. The degree of

succinylation of the protein was followed by isoelectric focusing as well as

by using '-'^C-labelled succinic anhydride. The results indicate that

succinylation of two lysyl residues out of a total of ten can completely
destroy the hydrolytic activity towards poly (A). While the hydrolysis of

cCMP or RNA by native RNase is completely inhibited by poly (A), the poly-
nucleotide has no effect on the hydrolysis of these two substrates using
succinyl-RNase

.

There are other indications that the active site of ribonuclease
towards poly (A) is not the same site as that against cCMP or RNA. For

example, 2'-TJMP inhibits the enzymatic hydrolysis of cCMP and RNA but

enhances the rate of hydrolysis of poly(A). Ribonuclease S-protein (i.e.,

RNase in which the first 20 amino acid residues are missing) has no activity

towards RNA or cCMP but is able to hydrolyze poly (A).

Preliminary results suggest that succinyl-RNase is still able to bind
poly (A) but cannot hydrolyze the polynucleotides.
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Studies are currently under investigation to determine the affinity of
succinyl-RNase for a typical RNase inhibitor using affinity chromatography.

Significance to Biomedical Research and the Program of the Institute :

The interaction of the polyadenylic acid portion of mRNA- poly A with RNase
suggests a role for the polynucleotide in control of cellular regulation.
It is becoming increasingly evident that particular cellular proteins can
control cell growth and transformation by binding to nucleic acids - DNA or
RNA. An understanding of the forces through which the proteins and nucleic
acids recognize one another for example should permit one to synthesize
drugs which could interfere with the interaction - and thus interfere with
transformation.

Proposed Course of the Project : Techniques in 2-dimensional gel electrophore-
sis are being developed to be applied to a study of SV40 infected cells.

Publications

Chiang, C. C, DeCamp, W. H., Curtin, D. Y. , Paul, I. C,
Shifrin, S. and Weiss, U. : The color dimorphism of 14-hydroxymorphinones

:

X-ray analysis of two different crystalline modifications. J. Am. Chem. Soc .

100: 6195-6201, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)
The generation of immunologic diversity is dependent on the presence and dif-
ferentiation of lymphocytes and accessory cells. The ability of many
mammalian species to respond to in vivo challenges with complex antigens
varies in a time dependent manner during embryonic and neonatal life . Evi-
dence has been presented in a number of in vivo and in vitro systems which
document functional or structural immaturity of B cells, T cells, and macro-
phages or accessory cells in fetal or neonatal animals. In addition, active,

non-specific suppression of adult humoral and cellular immune responses by

neonatal immunocytes has been reported. Utilizing two in vitro systems, 1)

the in vitro primary antibody response to soluble hapten-protein conjugates,
and 2) the one way mixed lymphocyte response , it has been shown that cells
from neonatal thymus and spleen are both deficient in these responses and
are capable of actively suppressing immune response by cells from adult ani-
Imals. Populations of both T and non-T cells have been shown to be capable of

mediating this suppression. Further studies to determine how environmental
exposure to antigen and the mammalian genome interact in controlling pheno-
typic expression of immune reactivity throughout development are in progress.
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Project Description

Objectives : Investigation is under way concerning the maturation of the

immune response in mice to soluble hapten-protein conjugates. Inability
to respond to various antigens has been noted in many species during
embryonic development and in the neonatal period. Immunologic competence
to distinct antigenic determinants is achieved in an orderly progression
in animals of mammalian species thus far studied. Studies in progress
have shown that BALB/c spleen cells from 7 to 10 day old mice are unable
to respond in vitro to soluble TNP-KLH as measured by a plaque forming
cell assay of primary IgM antibody response. The reasons for this failure
to respond are the object of this project.

Methods Employed ; The major experimental systems employed include in vitro
primary antibody responses as measured by a plaque forming cell response and
the one way mixed lymphocyte response. Cell separation procedures include
nylon non-adherence to obtain populations enriched in T cells; R MB and
complement treatment and GIO Sephadex passage to obtain populations enriched
in B cells, GIO Sephadex passage to obtain macrophage or accessory cell
depleted populations and glass adherence for macrophage or adherent cell
populations.

Major Findings : The ability of spleen cells to respond to soluble TNP-KLH
appears approximately 2-3 weeks after birth in BALB/c mice with inconsistent
responses prior to this period. Responses appear maximal around 2-7 months
of age. The nature of neonatal unresponsiveness in vivo and in vitro is
unclear and could result from active suppression in neonatal spleen cells
and/or from defects in the functional capacity of one or more neonatal
populations. Previous studies have documented neonatal suppressor cells
present both in spleen and thymus. In the present study murine thymocytes
were shown to suppress adult in vitro primary antibody responses only weakly
and inconsistently. Whole spleen populations were able to consistently
suppress adult responses of the order of 30-90%. Attempts to isolate a
population containing the suppressor cell(s) led to the finding that both
"T-enriched" (nylon-non-adherent) and "non-T" (RaMB+C treated and/or
GIO passed, RaMB+C treated) populations could mediate this suppression.
Contrary to prior findings, treatment with T cell specific reagents
(RctMB, a0 ascites and aQ hybridoma) failed to abrogate the. active suppressor
cells (or a subpopulation of them) in neonatal spleens. Treatment of
neonatal spleen with ala antisera and C also had no effect on
this active suppression. Studies aimed at determining the competence of
subpopulations of neonatal spleen (e.g. T cells, B cells, and macrophages)
were complicated by the presence of active suppressor cells in both the T

and non-T cell subpopulation.

Significance to Biomedical Research and the Program of the Institute : It is
known that immune responsiveness in neonatal and senescent animals is de-
ficient relative to adult animals of that species. Information concerning
the mechanisms of neonatal immune deficiency is incomplete and investiga-
tions in this area will be applicable to the process of differentiation
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and to possible means of modulation of responsiveness. It is also known

that the incidence of malignant neoplasms is greatest at the extremes of

life and it has been postulated that defects in "immunologic surveillance"

may play a role in this occurrence. Studies of neonatal cellular competence

and the mechanism of action of neonatal suppressor cells may shed light on

these postulated defects.

Proposed Course of the Project : Continuing studies will pursue the cellular

causes of the inability of neonatal animals to respond to soluble antigens.

The mechanism whereby neonatal spleen cells inhibit the immune response of

syngeneic adult spleen cells is also being investigated.
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SUMMARY OF WORK (200 «ords or less - underline keywords)

The purpose of this project is to examine the proteins and' peptides of

lymphocytes , cerebrospinal fluid , urine and plasma obtained from a family with
Alzheimer disease , using two dimensional gel electrophoresis . Lymphocytes
were examined directly after separation on Ficol/Hypaque or stimulated with
PHA to incorporate ^Ss-methionine. Other clinical samples were analyzed
directly on two dimensional gels using a super-sensitive silver stain developed
during the course of this study.

PHS-6040
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Project Description

Objectives : The purpose of this study was to examine biological samples

through the use of two dimensional gel electrophoresis. With Escherichia

coli, the controls and mutants could be grown in l^C-amino acids so that new

proteins or modified proteins could be detected by autoradiography. Similarly

macrophages P388D-1 could also be grown in the presence of radioactive pre-

cursors and in the presence or absence of asbestos. Lymphocytes could be

stimulated to incorporate radioactive amino acids if they are stimulated with

PHA but other biological fluids cannot be obtained with radioactive proteins

or peptides. For this purpose it was necessary to obtain a method that would

stain proteins and peptides present in nanogram quantities.

Methods Employed : Isoelectric focusing, SDS polyacrylamide gel electrophore-

sis, computer analysis of gels by flicker method, chemical synthesis of

peptides, assay of macrophage factors, staining of proteins, peptides, glyco-

proteins, autoradiography and fluorography.

Major Findings : A) A silver stain was found which will permit detection of

proteins and peptides present in gels in quantities of O.lng. This has

permitted detection of polypeptides in urine and CSF not found previously.

B) A peptide was found in the urine of patients with Alzheimer's

disease that is absent in other family members who do not have an active

disease and is absent in normal controls. There are also many different

protein patterns in PHA stimulated lymphocytes from these patients compared

to normals; however, the action of PHA is not absolutely reproducible.

Further examination of resting lymphocytes is being carried out with our new

stain.

C) Asbestos fibers are taken up by macrophages by phagocytosis. Fibers

of a critical length will eventually kill the macrophages. An examination
of the proteins of P388D-|^ macrophages in the presence or absence of asbestos

was made using 2D electrophoresis. There were many proteins that were

absent in the macrophages having asbestos. Further studies on specific

factors in macrophages in the presence or absence of asbestos are under

investigation.

D) An attempt is being made to isolate the opiate receptor on neuro-

blastoma X ghoma hybrids by crosslinking a sjmthetic radiolabeled enkephalin

to the receptor on these cells.

Significance to Biomedical Research and the Program of the Institute :

Examination of proteins in normal cells and cells obtained from patients

may prove to be extremely useful in the molecular diagnosis of disease.

Proposed Course of the Project : We plan to develop a method of detecting

peptides in nanogram quantities and to examine the release of various

peptides by macrophages.
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Publications

Chiang, C. C. , DeCamp, W. H. , Curtin, D. Y. , Paul, I. C.

,

Shifrin, S. and Weiss, U. : The color dimorphism of 14-hydroxymorphinones

:

X-ray analysis of two different crystalline modifications. J. Am. Chem« Soc.

100: 6195-6201, 1978.

Switzer III, R. C. , Merril, C. R. and Shifrin, S.: A highly
sensitive silver stain for detecting proteins and peptides in polyacrylamide
gels. Anal. Biochem., 1979, in press.
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This study was initiated to determine the DNA sequence organization of

the genes encoding the murine major histocompatibility complex and the

mechanisms controlling the expression of these genes.
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Project Description

Objectives : This laboratory has recently undertaken to study the molecular
biology of the major histocompatibility locus (MHC) of the mouse. It is known
that the structural products regulated by this region of the genome are
highly poljnnorphic and responsible for both transplantation rejection and
regulation of immune responses.

Genetic studies have shown that the genes involved in regulating the ex-
pression of the transplantation antigens, as well as those involved in
regulating the immune response are all linked on a single chromosone.
Therefore, this region becomes of considerable interest in studying the
regulation of a coordinated set of functions. The object of the studies
in this laboratory is to characterize the genome organization and regula-
tion of expression of this family of genes.

Methods Employed : Two separate approaches are being taken to attempt to
purify the genes of the murine MHC locus. In the first, the mRNA species
encoding MHC products are being purified from the spleens of inbred strains
of mice. The purification is being monitored by the ability of various mRNA
fractions to direct the cell free translation of the structural products.
The purified mRNA species will then serve as templates in the synthesis of
double stranded DMA which will be propagated in recombinant bacterial
plasmids.

The alternate approach to studying the genomic organization of the MHC
locus involves the isolation of the individual genes encoding the various
structural products. Total mouse DNA, isolated from the livers of inbred
strains of mice, is enzymatically sheared with the use of bacterial
restriction enzymes. The DNA is then separated according to size, and
the DNA fragments containing the sequences corresponding to the MHC genes
are isolated and inserted into plasmid vectors for cloning. Having
isolated purified genes corresponding to the individual MHC genes, it will
be possible to investigate the spatial relationships of the various genes.
In addition, it should be possible to begin to investigate the regulation
of expression of these genes.

Major Findings : To date, it has been possible to demonstrate in vitro
synthesis of the known gene products encoded by the MHC, i.e. the
histocompatibility antigens as well as the la antigens. It appears that
the immediate translational product is different from the mature product
which ultimately appears in the membrane. Furthermore, the relative amount
of synthesis of the various MHC products synthesized in vitro is different
from that observed in vivo, suggesting in vivo control of expression of the
level of mRNA turnover or translation.

In vitro synthesis of MHC products in the presence of artificial membranes
results in the direct insertion of these products into the membranes. Under
these conditions the in vitro product closely resembles the in vivo product.
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Significance to Biomedical Research and the Program of the Institute : Genetic

studies in a number of mammals, including man, mouse and guinea pig, have

demonstrated the existence of immune response genes which control cellular

interactions leading to both humoral and cellular immunity. The inability

of an animal to respond to a given antigen or to reject foreign tissue

probably represents a genetic defect. Despite the clear importance of the

major histocompatibility locus in the immune response, nothing is known at

the molecular level about the content, genetic organization or regulation of

expression of this multigene family. An understanding of the molecular

basis of the MHC may afford the possibility of treating various immuno-

deficiency diseases by appropriate genetic manipulations.

Proposed Course of Project : The analysis of the organization of the genes

encoding the MHC will proceed along two lines: (1) Purification of the mRNA
species encoding the MHC product. Once purified, these mRNA molecules will

be used as templates to synthesize double-strand cDNA, which will be

propagated in recombinant plasmids. These cloned informational genes will

be used to analyze the organization of the MHC genes and their expression in

conjunction with purified genomic genes.

(2) Purification of the MHC genes directly from the mouse genome. Such

genes will be isolated in recombinant plasmids. In conjunction with the

cDNA clones, these clones will be used to study the structure of individual

genes of the MHC. These clones will also be used to study the spatial

relationships of the individual genes to each other and to flanking

sequences.
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Concanavalin A stimulation of human lymphocytes enhances IgG antibody
mediated ADCC effector cell activity, predominantly by increasing the
activity of E-rosetting cells . Increased activity does not correlate with
changes in Fc receptor density or affinity . Increased numbers of ADCC
killer cells have been observed following Con-A stimulation.
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Project Description

Objectives ; This project has been directed at understanding the cellular
nature and mechanism of antibody dependent cell-mediated cytotoxicity (ADCC)

mediated by activated human lymphocytes. This effort has previously been
part of project number ZOl-CB-05003-13 I, titled "Cell-mediated Cyto-
toxicity." Because recent technical advances have allowed rapid progress
in this area, the work has been assigned an independent project number.

Methods Employed : Heparinized peripheral blood cells are enriched for

leukocytes by sedimentation in plasmagel and are depleted of monocytes and

red blood cells by carbonyl iron ingestion followed by Ficoll-hypaque cell
separation. The cells are cultured for 1-2 days in medium with allogeneic
serum, during which time they are stimulated with the mitogen Concanavalin A.

Different doses of stimulated or controlled lymphocytes are then co-

incubated as effector cells for 4 hrs. with Cr-labelled target cells,

pretreated with antiserum from a multiply transfused aplastic donor.

Usually a human B Ijnnphocyte cell line has been used as a source of target

cells. Pretreated with antibodies, these target cells are highly sensitive

to ADCC and provide a linear assay for effector cell activity.

Stimulated or control lymphocytes are fractionated into rosette positive
(T) and rosette negative (non-T) cells using AET-pretreated sheep erythro-
cytes. Purity of fractionated cells is routinely determined using phago-
cytosis, E-rosetting and cell surface nonlabile Ig as cell markers.

The affinity and density of IgG Fc receptors on l3nnphocyte surfaces are

determined using covalently cross linked trimers of rabbit 7S anti-DNP
antibodies (Segal and Hurwitz, 1976, Biochem. 15:5252). Lymphocytes
treated first with different doses of trimers and then with an excess of

fluorescein-conjugated goat anti-rabbit IgG are analyzed for cell fluores-
cence using a FACS II instrument (see report #Z01-CB-05062-02 I). Fluo-
rescent labelling is a linear function of 'direct binding of I-labelled
trimers.

The actual number of ADCC effector cells is estimated using the method
of Thorn and Henney (Nature 262, 75, 1976) in which each effector cell

is limited to only one target cell kill.

Major Findings :

previously, we demonstrated that stimulation of human peripheral blood
lymphocytes in vitro enhances ADCC effector cell activity in a test system
utilizing human IgG antibodies and lymphoid target cells. Both antigen
specific and non-specific (e.g. mitogens) stimulation have this effect,

which is independent of cytotoxicity mediated by lectin binding or cell free

factors. Earlier studies also suggested that the ADCC activity of stimulated

lymphocytes occurrs in both E-rosetting (T) and non-rosetting (non-T)

lymphocytes (Progress report y/NCI-ZOl-CBD-5016 c-05 I). Recent development

of a linear assay for ADCC activity, using an allogeneic B lymphocyte
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cell line for target cells, has allowed quantitative fractionation of

effector cell activity. Thus, from studies of three different blood donors
it is clear that although significant ADCC effector cell activity occurs
in both E-positive and E-negative lymphoyctes, the majority of Con A
simulated ADCC activity is in the E-rosetting cell fraction. Total ADCC
activity has been increased 2-4 fold in E-rosetting cells by Con-A stimula-
tion. Corrections for cross-contamination of cell fractions, preparative
re-rosetting and avoidance of Con-A mediated rosetting of red blood cells
and lymphocytes have strengthened these conclusions.

ADCC activity requires binding of anti-target cell antibodies to Fc

receptors on the surface of effector cells. Using flow-microf luorometry

,

Fc receptor expression has been analyzed using lymphocytes from each of

5 donors. Results of these studies show no consistent change in IgG receptor
binding affinities or densities following Con A stimulation. There were
however, consistent but small increases in the percentage of cells with
IgG Fc receptors, suggesting that the Con A stimulation of lymphocytes
increases the number of ADCC effector cells. This possibility has been
confirmed with lymphocytes from the one donor analyzed to date using
inhibitors of cell binding and cytotoxicity to limit the average target
cell killing by each effector cell to one. Thus a 1.8 fold increase in

ADCC activity following Con-A stimulation of lymphoyctes correlated well
with a 2.0 fold increase in the number of effector cells.

Significance to Biomedical Research and the Program of the Institute :

Antibody dependent cellular cytotoxicity provides a mechanism whereby
normal lymphoid cells can be utilized for target cell destruction. En-
hancement of ADCC effector cell activity and in T cells implicates an
important cytotoxic mechanism for these cells other than the traditional
direct cell-mediated cytotoxicity. This is important for tumor rejection
since many of the host lymphoid cells attracted to reaction sites may be
nonspecif ically activated cells.

Proposed Course of Project : The project will concentrate on identifying
the mechanism whereby human ADCC effector cell activity is enhanced by

lymphocyte stimulation.
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SUMMARY OF WORK (200 words or less - underline keywords)

This work was initiated to study the role of cell interactions in the development

of syngeneic tumor immunity. It has been shown that the degree of specific

anti-tumor immunity developed both in vivo and in vitro in response to TNP-

conjugated tumor cells can be increased by the addition to TNP-reactive helper

T cells. The cytotoxic cell in vitro has been shown to be a T-cell . The nature

of the lymphocytes involved in in vivo killing is under investigation.
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Project Description

Objectives : The aim of this project is to study the role of cell interactions
in syngeneic tumor immunity. Previously, a system was explored in which
animals were immunized with syngeneic tumor cells modified with additional
determinants. Supplementation of helper (amplifier) T-cells specific for
those determinants amplified the generation of killer T cells against native
tumor antigens. Specifically, helper T-cell activity against 2,4 ,6-trinitro-
phenyl (TNP) hapten was elicited by immunizing mice with TNP-con jugated
isologous mouse gamma globulin (MGG). Addition of TNP-helper T cells during
the immunization of C3H/He mice with TNP-conjugated syngeneic tumor cells
led to a significant enhancement of killer cell activity against the native,
unmodified tumor.

These preliminary results were observed after several immunizations with
TNP-con jugated tumor cells. The requirements for producing optimal augmentation
of in vitro cytotoxic effector cell activity and ±v[_ vivo protective immunity,
as well as the nature and specificity of J^ vitro and J^ vivo effector mechanisms
augmented by the above cell-cell interaction system are the subject of the
current project.

Methods Employed : TNP-reactive helper T-cells were induced by intraperitoneal
(i.p.) inoculation with 500 ug TNP-D-GL in saline, followed by i.p. injection
of 100 ug of syngeneic TNP-MGG in complete Freund's adjuvant (CFA) 3 days
later. Six weeks after the immunization with TNP-MGG, animals were inoculated
i.p. with 1.5 X 10 TNP-conjugated LSTRA tumor cells at 10- to 14-day
intervals. Two weeks after the final immunization with TNP-LSTRA, spleen
cells were sensitized to in Vitro and cytotoxic effector cells were measured
by Cr release assay in vitro and in vivo tumor-neutralization test.

Major Finding s: The study indicates that the addition of TNP-reactive
helper T-cells to the BALB/c-LSTRA syngeneic tumor system at the time of
immunization with TNP-con jugated LSTRA tumpr cells results in the accelerated
development as well as the amplified generation of tumor-specific cytotoxic
effector T-cells in vitro and tumor-neutralizing T-cell activities in vivo.
We have also demonstrated the absolute requirement of the TNP-reactive amplifier
T-cell system for the induction of a powerful in vivo immunity as observed
in the Winn assay. . - -

Significance to Biomedical Research and the Program of the Institute : The
role of helper cells in immune reactions will be clarified and possible
applications to the immunotherapy of tumors made possible.

Proposed Course of Project : Further research should be to (1) establish
a simpler and more effective condition under which strong amplifier T-cells
can be induced and (2) determine the nature of the amplifier T-cells and
also cells which are responsible for in vivo immunity.
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SUMMARY OF WORK (200 words or less - underline keywords)

The cellular expression of immune response (Ir) gene function has been studied

in an in vitro system of primary antibody responses to the TNP conjugates of

(T,G)-A—L and (H,G)-A—L. These responses require the participation of T cells

and accessory cells as well as B cells, and are under the control of genes mapped
to the K or I-A subregions of the H-2 complex. It has been demonstrated that the

function of the accessory cells in responses to TNP-(T,G)-A—L and TNP-(H,G)-A—

L

is under the control of genes which also map to K or I-A. In contrast, both B

cells and T cells from nonresponder H-2^ strains are competent in supporting

primary antibody responses to TNP-(T,G)-A—L, and therefore do not appear to

express the Ir gene defect present in these strains.
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Project Description

Objectives ; The major objective of this project is to investigate the

mechanism of genetic regulation of antibody responses. Initial studies are
directed at identifying the cellular level of _Ir gene expression for the in

vitro responses to TNP-(T,G)-A—L and TNP-(H,G)-A—L.

Methods Employed ; Chimeric mice are created by reconstituting lethally
irradiated recipients with T cell depleted bone marrow stem cells.

The in vitro assay for antibody production involves dispersing single cell
suspensions of murine spleens in microculture with TNP modified protein
antigens for 4 days. The cells are then harvested and assayed for anti-TNP
antibody-producing cells.

Spleen cell subpopulations are prepared as follows:

a) T cells - nylon nonadherent spleen cells.
b) (B + accessory) cells - rabbit antimouse brain + C treated spleen

cells

.

c) Accessory cells - 2 hour glass adherent, T cell depleted, irradiated
cells

.

d) B cells - G-10 Sephadex passed, T cell depleted spleen cells.
e) (T + B) cells - G-10 Sephadex passed spleen cells.

Major Findings : Background work, has demonstrated that primary in vitro
antibody responses could be generated to a number of soluble TNP conjugates
of protein or polypeptide antigens. These responses are both T-cell
dependent and accessory-cell dependent. The in vitro primary IgM responses
to TNP-(T,G)-A—L and TNP-(H,G)-A—L are under strict H-2-linked Ir gene
control by genes mapping to the K or I-A subregions.

In studies with H-2^ (nonresponder to TNP-(T,G)-A—L and responder to TNP-
(H,G)-A—L) and H-2^ (responder to TNP-(T,G)-A—L and nonresponder to TNP-
(H,G)-A—L) spleen cells, it was demonstrated that accessory cell function is

under H- 2-linked Ir gene control, similarly mapping to K or I-A.

Subsequently, it has been shown that B cells from the nonresponder H-2^
haplotype are able to support responses to TNP-(T,G)-A—L, and thus do not
express the _Ir gene defect which is expressed in accessory cells of this
haplotype. By using long-term radiation chimera BIO.

A

(BlOxBlO. A)F-]_ , it
was also demonstrated that H-2^ T cells which have matured in the F-^ environ-
ment are capable of providing help for the response to TNP-(T,G)-A—L in the
presence of responder haplotype accessory cells. Thus, neither B cells nor
T cells of the H-2^ haplotype express detectable 1t_ gene defects for this
response

.

Significance to Biomedical Research and the Program of the Institute ; Genetic
control of immune responses has been demonstrated in widely studied systems,
including those responses to biologically "natural" antigens such as allergens,
viral determinants, and tumor antigens. In order to understand the mechanism
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of differential reactivity and susceptibility to these natural stimuli, the

study of mechanisms of _Ir gene regulation of responses to defined stimuli may
provide informative insights.

Proposed Course of Project ; Further investigations will be conducted of the

cellular expression of ^ genes for the responses of additional TNP-(T,G)-A—

L

nonresponder haplotypes. Similar studies of _Ir gene regulated responses to

other antigens will also be pursued.

Publications

Singer, A., Cowing, C, Hathcock, K., Dickler, H. B. , and Hodes, R. J.:

Cellular and genetic control of antibody responses in vitro. III. Immune

response gene regulation of accessory cell function. J . Exp . Med . 147:

1611-1620, 1978.

Hodes, R. J., Ahmann, G. B., Hathcock, K. S., Dickler, H. B., and Singer, A.:

Cellular and genetic control of antibody responses in vitro. IV. Expression

of la antigens on accessory cells required for responses to soluble antigens

including a response under _Ir gene control. J . Immunol . 121: 1501-1509,

1978.

Singer, A., Hathcock, K. S., and Hodes, R. J.: Cellular and genetic control

of antibody responses. V. Helper T cell recognition of H-2 determinants on

accessory cells but not B cells. J. Exp. Med . 149: 1208-1226, 1979.

Pincus, S., Singer, A., Hodes, R. J., and Dickler, H. B. : Anti-(T,G)-A—

L

idiotypes: Initial studies of genetic control and cellular expression. In

Pernis, B. and Vogel, H. (Eds.): Cells of Immunoglobulin Synthesis . New York,

Academic Press, Inc., in press.

Hodes, R. J., Ahmann, G. B., Cowing, C, Hathcock, K. S., Dickler, H. B.

,

Sachs, D. H., and Singer, A.: Expression of I region gene products on

accessory cell populations. In Terry, W. D. and Yamamura, Y. (Eds.)

Immunobiology and Immunotherapy of Cancer . New York, Elsevier North-Holland,

in press.

Dickler, H. B. , Cowing, C. , Ahmann, G. B., Hathcock, K. S.,. Sachs, D. H.,

Hodes, R. J., and Singer, A.: Expression of ^ genes and la antigens by

adherent accessory cells required for antigen-specific antibody forming cell

responses. In van Furth, R. (Ed.): Mononuclear Phagocytes III , Amsterdam,

in press.

Singer, A., Hathcock, K. S., and Hodes, R. J.: MHC restricted helper T cell

recognition of accessory cells but not B cells. In Rosenthal, A. and

Unanue , E. (Eds.): Regulatory Role of Mononuclear Phagocytes in Immunity .

New York, Academic Press, Inc., in press.

Dickler, H. B., Cowing, C. , Ahmann, G. B., Hathcock, K. S., Sharrow, S. 0.,
Hodes, R. J., and Singer, A.: Characterization of the accessory cells
required in T lymphocyte dependent antigen-specific immune responses. In
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Rosenthal, A. and Unanue , E. (Eds.): Regulatory Role of Mononuclear Phagocytes

in Immunity . New York, Academic Press, Inc., in press.

Hodes, R. J., Ahmann, G. B., Nadler, P. I., Hathcock, K. S., and Singer, A.:

T cell recognition of syngeneic and allogeneic H-2 determinants. In Bach, F.,

Bonavida, B., Vitetta, E., and Fox, C. F. (Eds.): T and B Lymphocytes :

Recognition and Function. New York, Academic Press, Inc., in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

Ihe ability of subpopulations of murine spleen cells to stimulate a mixed

lymphocyte response (MLR) was studied. It was found that T cells (nylon

nonadherent spleen cells) and B cells [GIO passed and treated with rabbit

anti-mouse brain serum (RAMB) and complement (C)] were poor stimulators of

an MLR. In contrast whole spleen cells or B cells plus adherent cells

(RAMB -K; treated spleen cells) produced good stimulation. However, a non-T,

radiation resistant splenic adherent cell (SAC) population was up to 20-50

times more efficient as a stimulator of an MLR on a per cell basis than an

unseparated spleen population. These SAC were shown to express la (I-region

associated) determinants encoded by genes in I-A and I-E/C . These results

suggest that Ia''"SAC may be the predominant stimulating cells in spleen

ciell populations, and the preferential target for T cell recognition in cell

interaction events.
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Project Description

Objectives : A requirement for cell-cell interaction is common to a number
of immune response systems. In particular, the interaction of T Ijonphocytes

with non-T cells has been documented in many of these systems. On common
feature of these non-T cells is that they express several deteriminants
which are known to stimulate a proliferative response by T cells. These
include la antigens, Mis antigens, and serologically defined (SD) antigens.
Since the MLR is a model for T cell recognition of cell surface determinants,
the objective of this study is to define which splenic subpopulations are
able to act at stimulators for MLR.

Methods Employed : Purified T cells (nylon non-adherent spleen cells) purified
B cells (GIG Sephadex passed and RAMB + C treated) and splenic adherent
cells (glass adherent, non-T radiation resistant spleen cells) (SAC) were
prepared and compared for their ability to stimulate a proliferative response
by allogenic whole spleen cells. Stimulator SAC populations are further
evaluated by 1) treatment with anti-la reagents and C, 2) addition of mono-
clonal anti-la and anti-H-2 antibodies directly to the culture, and 3)

fractionation of SAC on the basis of their ability to phagocytise latex
particles.

Major Findings : 1) T cells (nylon NA spleen cells) and B cells (GIG passed
and treated with RAMB and C) were poor stimulators of an MLR; 2) Whole spleen
cells or B cells plus adherent cells (RAMB +C treated spleen cells) produced
good stimulation; 3) a non-T radiation resistant spleen adherent cell
population (SAC) was up to 2G-5G times more efficient in stimulating MLR on
a per cell basis than an unseparated spleen cell population; and 4) these
SAC express la determinants encoded by genes in I-A and I-E/C and Mis deter-
minants.

Significance to Biomedical Research and the Program of the Institute ; The
mixed lymphocyte response provides a useful model for T cell recognition
as well as an in vitro correlate of allograft rejection. Further under-
standing of the recognition process as well as the primary stimulator cell
should provide insight into controlling or preventing allograft and/or tumor
challenges.

Proposed Course of Project : Studies are in progress to further characterize
the stimulator cell in the SAC on the basis of its ability to ingest latex
particles. Specific anti-H-2 and anti-la reagents purified from hybridoma
cell lines are being evaluated for their ability to block MLR. The
Principal Investigator on this project will be leaving on June 30, 1979. It

has not been determined whether this project will be continued under the
direction of another investigator who has been associated with this study.

Publications

Ahmann, G. B. , Nadler, P.I., Birnkrant, A. and Modes, R.J.: T cell
recognition in the mixed lymphocyte response. I. Non-T, radiation resistant
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splenic adherent cells are the predominant stimulators in the murine

mixed lymphocyte reaction. J. Immunol . , in press.

Hodes, R.J. , Ahmann, G.B., Nadler, P., Hathcock, K.S., and Singer, A.:

T cell recognition of syngeneic and allogeneic H-2 determinants. In Bach,

F., Bonavida, B. , Vitetta, E. , and Fox, D.F. (Eds.): T and B Lymphocytes;

Recognition and Function . New York, New York, Academic Press, Volume XVI,

in press.
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SUMMARY OF WORK (200 words or less - underline keywords)
The intravenous injection of Ft^ hybrid mice on the C57BL/1Q background with
parental spleen cells resulted in a loss in the ability of the Fi mice to

generate T-cell mediated cytotoxic responses in vitro to TNP-self and allo-
antigens. The total abolition of response potential occured within 4 days of

injection, persisted for at least three weeks, and could be induced with as

few as 2x10 spleen cells. The loss of response potential depended on the

H-2 type of the parental cells, since H-2 '^ spleen cells induced unrespon-
siveness, whereas H-2'-' spleen cells did not. The phenomenon may be: (a)

strain-specific (possibly depending on the C57B1/10 genetic background)
since (AKRxDBA/2)F-, mice injected with parental cells did not exhibit the
loss of immune potential; and (b) dependent on a reaction against F-j^ allo-
antigens by grafted parental cells (GVH), since loss of immune activity
was associated with enlarged Fi host spleens.
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Project Description

Objectives ; The purpose of this project is to investigate the phenomenon of

immunosuppression induced by or associated with a graft vs. host reaction,

the immunogenetics associated with the resistance in some strain combinations
of the graft vs. host associated suppression, and to attempt to establish

whether this immunosuppression is correlated with autoimmune or neoplastic
states following a graft vs. host reaction.

Methods Employed : F-i hybrid mice of various strain were injected intra-
venously with from 1 to 40x10 ¥,, parental, or allogeneic spleen cells. At

various times after injection, the spleens of the injected ¥-^ mice were
sensitized in vitro against: (a) parental or F-i syngeneic cells modified
with TNBS; or (b) allogeneic spleen cells. The effector cell actively

generated 5 days later was tested as the appropriate Cr-labelled target
cells.

Major Findings : F-, hybrid mice on the C57BL/10 genetic background injected
intravenously with viable parental spleen cells but not (500-2000 rad.

)

irradiated parental spleen or parental bone marrow cells lost their ability

to respond by in vitro generated cytotoxic reactions to TNP-self and allo-
antigens. The loss of cytotoxic potential was detected as early as four

days after injection and persisted for at least twenty-one days after in-
jection. Intraperitoneal injection was much less effective. The abolition
of cytotoxic potential: (a) appeared to depend on a graft vs. host reaction
by parental lymphocytes against host alloantigens; and (b) was dependent on

the H-2 haplotype of the parental cells used, since the injection of BlO.A
or BIO. BR but not C57BL/10 (BIO) parental cells resulted in loss of immune
reactivity. The latter observation raises the possibility that the BIO

parental cells injected were rejected by the F , anti-parent reaction known
as hybrid histoincompatibility (Hh). Injection of a mixture of BIO marrow
and spleen cells into F-i mice resulted in a suppressed response potential
by F-T spleen cells, which is compatible with an Hh phenomenon. Mapping
studies that the Hh-1 determinant (which maps to H-2 ) is not important in

the recognition of the BIO parental spleen cells by the F, host. The
abolition of cytotoxic potential by the GVH reaction may be the results of

an active suppressive mechanism since the addition of spleen cells from

parental-injected F-, mice to normal F-, spleen cells led to. the inaetivation
of the cytotoxic potential of the normal cells. The GVH associated immuno-

suppression may strain dependent, and may require non-H-2-linked genetic
factors associated with the C57BL background, since (AKRxDBA/2)F-]^ mice
injected with parental spleen cells did not result in suppressed immune

potential.

Significance to Biomedical Research and the Program of the Institute : The

graft vs. host (GVH) reaction and possibly Hh-type reactions are important

complicating factors which affect the success of hemopoietic transplantation.
Furthermore, persisting GVH reactions may be associated with autoimmune

disease and the development of tumors. The observations: (a) that GVH re-

actions can be elicited with low numbers of Ijrmphocytes in immunocompetent
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adult miceCprevious reports have been limited to the demonstration of GVH

in neonated or immunosuppressed animals); (b) that these GVH reactions
lead to severely impaired T-cells immune functions; and (c) that such GVH
reactions can be overcome by host resistance mechanisms (possibly similar
to the Hh phenomenon) are potentially of fundamental relevance in: (a)

understanding the possible complications resulting from hemopoietic
grafting; and (b) investigating the significance of a GVH-induced suppressed
immune system in the development of autoimmune and neoplastic disease.

Proposed Course of Project : We shall continue to investigate all aspects of

the phenomenon including: (a) the genetics of the F-i and parental cells in-
volved; (b) the determinants recognized on the F-, cells; (c) the mechanistic
aspects of both the GVH and the suspected Hh component involved; (d) other
immune functions which may be impaired including antibody production, delayed
hypersensitivity, skin graft rejection, T-cell proliferative responses, and
natural killer cell activity; (e) the long-term effects of the GVH including
survival and the development of autoimmune disease and tumors; (f) whether
certain combinations of partially allogeneic (instead of F-i and parental)
cells and hosts can lead to GVH-associated immunosuppression; (g) whether the
GVH reaction is actually a component of the impaired immune state; and (h)

whether haplotype-specif ic anti-T-cell receptor suppression can be induced
in the F-, parent combination.
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SUMMARY OF WORK (200 words or less - underline keywords)

Attempts to generate cytotoxic T-effector cell activity in. vitro- against

measles virus infected autologous human perpherial blood leukocytes have

been unsuccessful with the exception of cells from two volunteers. Cells

from these two donors have exhibited high levels of cytotoxicity which is

both reproduceable and very specific.
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Project Description

Objectives : The primary objectives of this laboratory are to investigate
the function of T lymphocytes, the role of self recognition, and the effects
of major histocompatibility genes on the murine and human immune systems.
These studies are being pursued using mouse and human leukocytes which are
sensitized to autologous cells either modified with chemical agents (e.g.

the trinitrophenyl group) or infected with viruses (e.g. influenza, mealses).
The specific purpose of this project was to attempt to generate (secondary)
cytotoxic T-cell responses to autologous cells infected with measles virus,

to determine the specificity requirements of the system (i.e. MHC restriction
and viral specificity) and to compare the system with the already established
influenza virus cytotoxic system of human leukocytes.

Methods Employed : Human peripheral blood leukocytes were fractionated on
Ficoll/Hypaque and sensitized in vitro to measles virus infected autologous
cells similar to that described in the human influenza cytotoxic system (see
accompanying report).

Major Findings : Of the peripheral blood leukocytes tested from several
donors, only two have so far exhibited the ability to generate cytotoxic
effector activity in vitro to measles virus infected autologous cells.
The effects from these two donors were virus specific (did not cross react
with influenza infected autologous targets), and appeared to be self
restricted.

Significance to Biomedical Research and the Program of the Institute : This
project is of fundamental interest in that it permits us to study the

cytotoxic response potential, viral specificity, and HLA-restriction using
a virus which is important in human disease.

Proposed Course of Project : We shall study the immune responses of the two
individuals which are unique among those thus far studied in an attempt to
understand why only they respond in cytotoxic activity, whether it is HLA
linked, associated with low antibody titers, or under Ir gene control. We
hope to make further comparative studies of measles and influenza immune
reactivity in an attempt to determine why these two responses are so dif-
ferent in the ease with which effector activity can be generateii. '

526



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE Of

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl-CB-05090-01 I

PERIOD COVERED

October 1, 1978 to September 30, 1979

TITLE OF PROJECT (30 characters or less)

Cellular and Genetic Requirements for B Cell Activation to Various Classes

of Antigens

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

I NCIPI:

Other:

H. S. Boswell
A. Singer

Investigator
Senior Investigator I NCI

COOPERATING UNITS (if any)

I. Scher and A. Ahmed, Department of Medicine, Uniformed Services School of

Medicine and Department of Experimental Pathology, Naval Institute of Medical
Research, Bethesda, Maryland
LAB/BRANCH

Immunology Branch

SECTION

INSTITUTE AND LOCATION
NCI, NIH, Bethesda, Maryland 20205

TOTAL MANYEARS:

1.25
PROFESSIONAL:

1.25
OTHEJ?:

CHECK APPROPRIATE BOX(ES)

n (a) HUMAN SUBJECTS

n (al) MINORS n (a2) INTERVIEWS

(b) HUMAN TISSUES )g (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

The mechanism of activation of antiboay forming B cells in response to thymic

independent and thymic dependent antigens has been investigated with regard to

the requirement for cell interaction and to the definition of genes regulating
such interactions. These questions have been approached in an in vitro antibody
producing system that allows dissection of the contribution of T cells , B cells

,

and macrophages in primary antibody responses to TNP-Ficoll , TNP-LPS , TNP-

Brucella abortus (all thymic independent) and TNP-KLH (thymic dependent). Genetic
factors controlling such responsiveness have been investigated through the

utilization of a mouse strain, CBA/N , which displays an X-linked immune de-
ficiency to TNP-Ficoll and TNP-KLH antigens. Antibody responses to TNP-Brucella
and TNP-LPS proceed in the absence of T cells or macrophages. The response to

TNP-Ficoll is T cell independent but requires the participation of macrophages.
Antibody formation to TNP-KLH requires collaboration of T cells, macrophages,
and B cells. Distinct B cell populations respond to TNP-Brucella, TNP-LPS versus
TNP-Ficoll and TNP-KLH, respectively. The immune defect of the CBA/N mouse is

the result of the absence of a mature population of B cells which bear the cell

surface marker Lyb5 . 527
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Project Description

Objectives : The major objectives of this project are: 1) to determine
cellular requirements for responses to different classes of antigens;
2) to localize non-H-2 linked genes that code for cell surface proteins
mediating control signals to antibody forming cells.

Methods Employed ; Spleen cells from normal or immune defective mice are
dispersed into single cell suspensions and placed into microculture with
TNP-modified antigens (KLH, Brucella abortus, Ficoll, LPS) for 4 days. '

The cells are then harvested and assayed for IgM anti-TNP antibody forming
cells by the slide modification of the Jerne plaque technique.

Splenic B cells are obtained by treating spleen cells with a T-cell
specific rabbit anti-mouse brain and complement. Subpopulations of B

cells are obtained based on their expression of a non H-2 encoded cell
surface antigen, Lyb 5. CBA/N B cells constitute a pure population of
immature B cells which lack, the marker Lyb5. Treatment of normal B

cells with an alloantiserum, anti-Lyb 5 and complement results in
deletion of the mature Lyb 5 positive population, thus creating the
CBA/N defect in normal spleen cells. Splenic T cells are obtained by
passage over a nylon wool column. Splenic adherent cells are obtained
by allowing spleen cells to adhere to glass petri dishes for 2 hours,
discarding the nonadherent cells, and finally collecting the adherent cells
by the addition of EDTA. Spleen cells are depleted of macrophages by
passage over a GIO sephadex column.

Major Findings : The generation of antibody responses in vitro to various
classes of thymic dependent and thymic independent antigens, along with
the ability to obtain highly purified populations of macrophages, T cells,
immature and mature B cells has allowed the determination of the cell types
critical for each type of primary antibody response. In addition, the
existence of a mouse strain which displays^ an X-linked immune deficiency has
allowed evaluation of the cell type responsible for the observed defect,
by way of reconstitution of specifically depleted normal spleen cell
populations with histoconpatible cells obtained by purification from
immune defective mice, or vice versa. The following observations derive
from such experiments: 1) antibody responses to TNP-Ficoll (T-I) and
TNP-KLH (T-D) are macrophage dependent; 2) antibody responses to the T-I
antigens, TNP-Brucella and TNP-LPS display relative accessory cell
independence, and proceed predominantly through an immature B cell
population; 3) the immune defect of CBA/N mice toward TNP-Ficoll and
TNP-KLH derives from the absence of a mature population of B cells;
CBA/N T cells and accessory cells appear functionally normal.

Significance to Biomedical Research and the Program of the Institute :

Precise understanding of the mechanisms of the normal immune response in
terms of the cell types involved and the mode of their interaction has
been facilitated by in vitro reconstruction experiments utilizing a
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mouse strain that exhibits immune deficiency. Such understanding is the

primary step to modulation of deranged immune responsiveness as it

appears in human disease.

Proposed Course of Project ; Further work will be directed to the

delineation of macrophage subpopulations involved in interaction between

T cells and B cells, as well as the precise nature of the signals

transmitted between these cell populations.
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SUMMARY OF WORK (200 words or less - underline keywords)
MP modified mouse lymphoma cells bearing large amounts of H^2^ -antigens

were used to prepare plasma membrane vesicles by nitrogen decompression and

centrifugation. Such membrane vesicles were mixed with allogeneic mouse

T l3mphocytes which had been activated by a 5-day in vitro culture with
irradiated H-2 spleen cells. After incubation with vesicles the cells

were washed, stained with FITC anti-TNP and examined by fluorescene micro-

scopy and the FACS. Specific binding of membrane vesicles was observed.
In order to identify the antigen recognized on the bound vesicles, monoclonal
anti-H-2^ antibody was labelled with FITC and -'— ^I and its binding to

various l3rmphocytes and tumor cells studied. A pseudo saturation of anti-
body binding was observed which showed 'x^lO antibody molecules bound per

spleen cell of the appropriate H-2 specificity. A lymphoid tumor, RDM-4,
was found to have over 10 times this level of antibody binding.
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Project Description

Objectives : To study the binding of membrane H-2 alloantigens to receptors
on the surface of T lymphocytes so that the molecular requirements for
binding can be rigorously defined. We plan first to study the binding of

plasma membrane vesicles to alloreactive T cells and then to substitute
purified H-2 and/or la antigens reinserted into liposomes for the vesicles.

Methods Employed ; Alloreactive T lymphocytes are obtained from primary
in vitro cultures of mouse (C57B1/6, H-2 ) spleen cells cultured 4-5 days
with irradiated H-2 spleen cells. Their ability to bind alloantigens was
monitored by "conjugate formation". Plasma membrane vesicles are prepared
for TNP modified RDM-4 (H-2 ) Ijonphoma cells by the nitrogen decompression
technique followed by a procedure involving differential and density
gradient centrif ugation for purification of plasma membrane vesicles away
from other membrane vesicles. The binding of such vesicles to lymphocytes
is monitored by fluorescence using FITC anti-TNP (or other fluorescent re-
agents) in conjunction with the fluorescence microscopy and FACS. In order
to purify an H-2 antigen we plan to use a monoclonal antibody (11-4.1) as an
affinity chromatography reagent. To characterize its specificity this anti-
body has been purified and labeled with FITC and I to study its binding
to cells and confirm its reaction with H-2K as detected by conventional
alloantisera. This binding has been monitored by fluorometry, FACS and by

\ counting. H-2 antigen preparation is monitored by inhibition of cyto-
toxicity mediated by anti-H-2 and complement.

Major Findings ; Plasma membrane vesicles specifically bind to a subpopula-
tion of Ijnnphocytes activated by this alloantigen. H-2 Ijrmphocytes

activated by H-2 cells contain less than half as many cells binding these
vesicles as judged by fluorescence microscopy and the FACS. Not all vesicle
preparations we have made have showed this binding, however, leading us to

attempt to optimize the vesicle preparation for this binding. In order to

purify an H-2 antigen we have purified a n;onoclonal anti H-2K for use in

affinity columns. However, its binding to various cells is first being
studied to confirm binding specificity. The antibody binds to <95% of

spleen cells from mice bearing H-2K (i.e. H-2 and H-2^) and shows a largely
but not completely saturable binding isotherm. There are 10 antibody
molecules bond/cell at this pseudosaturation level. H-2 .and H'-2 lympho-
cytes show negligible binding. H-2 lymphnode cells bind the antibody in

a pattern very similar to spleen cells, while only 10% of H-2 thymocytes
show appreciable binding. RDM-4 (H-2 Ijrmphoma) cells were found to have
12X more antibody binding, which has led to our choice of this tumor for

preparation of vesicles in the experiments described above and as a source

of material for the H-2 preparation.

Significance to Biomedical Research and the Program of the Institute :

T lymphocytes play a central role in most immune responses and much recent

speculation about their antigen receptors has resulted from inferences from
complex functional experiments. We propose to establish a system in which
these receptors can be studied directly in order to examine their binding
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properties. An understanding of this receptor's interaction will help us

understand the recognition phase of the T cell cytolytic process, which is

an important component of the body's defense against foreign tissue and
probably tumors.

Proposed Course of Project ; Our initial goals are 1) to obtain reproducible
maximal binding of H-2 containing plasma membrane vesicles to alloreactive
lymphocytes; 2) obtain evidence for specificity of this binding; 3) char-
the functional characteristics (i.e. ability to mediate MLR and CML) of these
lymphocytes using the FACS to purify cells which bind vesicles. To identify
the antigen recognized by the receptor, H-2 will be purified by solubiliza-
tion of the plasma membrane vesicles by deoxycholate, and affinity chromato-
graphy followed by reconstitution into liposomes. The latter will then
be checked for their ability to bind to the T lymphocytes. We also will
use this artificial membrane as a target for T cell billing and as a means
of introducing purified H-2 antigen into cells by fusion of the liposomes
with living cells.
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SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of this project is to study the cell surface membrane , how it may

change in transformation to malignancy, either by spontaneous induction, or as

induced by SV40 virus ; to study the nature of tumor antigens associated with

cells transformed by either SV40, chemicals, or spontaneous induction; and the

relation of these antigens with gene expression and host immune mechanisms.

Research is carried out on 1) Changes in glycoconjugates , including glycoproteins

and sulfated glycosomaminoglycans such as heparan sulfate , and their correlation

with cell growth properties in tissue culture and in vivo , in the syngeneic and

in the nude mouse ; 2) Controls of expression and methods of purification of SV40

specific T antigens , surface antigens and tumor specific transplantation antigens

(TSTA); 3) The relationship between SV40 T, surface and TSTA antigens, and their

relationship to SV40 A gene expression; 4) Selection of phenotypic and genotypic

revertant tumor cells which lose the SV40 genome; 5) Study of "spontaneous"

transformation of cells in culture and of the balance between such tumorigenicity

and the SV40 TSTA in families of clonal cells with known genealogy.
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Project Description

Objectives ; To elucidate certain biochemical and biological changes both in

the cell surface and in the control mechanisms involved in cell division,
which occur during transformation to malignancy in mouse cells.

Methods Employed : Labelling glycoproteins, glycosaminoglycans and glycolipids,
proteins and nucleic acids with radioactive precursors during cell growth in

culture. Novel fractionation techniques for isolation of (labelled) sub-
cellular components, including cell surface membranes. Isolation and charac-
terization procedures include thin-layer and column chromatography, gel
electrophoresis, electro-focusing and autoradiography of gel slabs. Analytical
and preparative ultracentrifuge studies, Enzymological techniques pertinent
to intermediary metabolism of carbohydrates. Serum mediated cytotoxicity
assays as measured by release of radioactivity from lysed cells. Cell growth
dynamics in culture, and also in vivo, in syngeneic and in nude mice.

Major Findings : I. Analysis of Glycosaminoglycan Metabolism . In previous
studies of the glycosaminoglycan metabolism in closely related clonal cell

lines we have shown that an altered form of heparan sulphate is produced in

cells expressing the early gene products of SV40. This alteration (apparently
reduced sulphation of heparan sulphate) was not detected in sister subclones
which did not express SV40 gene products. To further investigate the corre-
lation between the presence of the SV40 T antigens (early gene products) and
the alterations in heparan sulphate, the glycoconjugate metabolism in monkey
kidney cells during lytic infection by SV40, and the metabolism in rat cells
transformed by temperature-sensitive mutants of SV40, has been analyzed.

It was found that during the time course of lytic infection with SV40, a

progressive decrease in the rate of incorporation of 35s-sulphate into
macromolecules (heparan and chondroitin sulphates) occurred, beginning at
about 30h after infection. The rate of incorporation decreased to 50% of

control at 40h and 20% at 60h. Simultaneous measurement of the incorporation
of ^H-thymidine into the Hirt supernatant showed that the rate of viral DNA
synthesis reached a peak at 40h. As the stimulation of viral DNA synthesis
is known to depend on the presence of the large T-antigen these results
suggest a temporal relationship between the expression of this protein and
the reduced rate of incorporation of sulphate. Detailed analysis of the
glucosamine labelled glycoconjugates synthesized during lytic infection
indicated that heparan and chondroitin sulphates synthesized during the
second day after infection were reduced by about 30 and 60% respectively. In
one experiment heparan sulphate from the surface of infected cells was found
to elute from an ion exchange column at lower salt concentrations than that
from mock infected cells. Although this elution property is the same as has
been repeatedly observed in SV40 transformed cells, it was not consistently
observed during lytic infection.
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Recently, two types of cells transformed by temperature sensitive mutants

of SV40 have been described by Self and Cuzin. Type N transformants are

temperature sensitive for various tissue culture growth properties (growth to

high densities as monolayers and growth in viscous medium) , whereas the growth

properties of Type A transformants are insensitive to temperature, the cells

behaving like cells transformed by wild type virus, even though virus rescued

from Type A transformants is a temperature sensitive mutant. The glycoconju-
gates of one Type A and one Type N transformed cell line have been compared,

by the usual techniques, to the glycoconjugates synthesized by the parent rat

clonal cell line at both permissive and non-permissive temperatures. The

results clearly showed that at the permissive temperature, both heparan and

chondroitin sulphates of both the A-type and the N-type transformants eluted

from the ion-exchange column at lower salt concentrations than the correspond-

ing macromolecule from the parent cells. As was predicted, the elution pattern

of the N-type transformants was restored to normal at the non-permissive

temperature, when these cells have the same growth properties as the parent cell

line. A surprising observation was that the elution properties of the heparan

and chondroitin sulphates of A-type transformants was also restored to normal
at the non-permissive temperature. This result is in agreement with the fact

that this cell line carries the genome of a mutant virus and therefore syn-

thesizes a temperature sensitive large T-antigen and it indicates that the

alterations in the metabolism of sulphated glycosaminoglycans is closely re-

lated to the expression of this protein. However, the result does not clarify

the absence of temperature sensitivity demonstrable in the growth properties
of these cells. If, as is widely believed, a sequence of events are required

between the expression of the T-antigens and the ultimate loss of growth
control, these results with the A-type mutant indicate that the reduced

sulphation of glycosaminoglycans - which we report above is dependent on the

expression of a functioning large T-antigen - is a result of an early event

following T-antigen expression. The corollary of this conclusion is that the

cellular control mechanism that is permanently inactivated in A-type cells, is

likely to be towards the end of this sequence of events leading to transforma-

tion.

Studies of the biochemical nature of the lesion in heparan and chondroitin

sulphate biosynthesis, which are still in progress, indicate that the activity
of all sulphotransferases involved in glycosaminoglycan metabolism is depressed
in SV40 transformed cells. Thus we have here further support for the previous

findings of the correlation of alterations in heparan and chondroitin sulphate
metabolism with the expression of T-antigen and with the cells ability to grow

to high densities in monolayer culture, but not with growth in suspension in

viscous medium. Tumorigenicity of the subclones was essentially the same as

that of the parent clone. These important observations in altered metabolism
of heparan sulphate, the significance of such observation to control of cell

growth in vivo, and to the possible function of the SV40 T antigen in cell

growth in culture, are being further pursued. (Work of Dr. D. J. Winterbourne.

)

II. Controls of Expression and Methods of Purification of T, Surface,

and Tumor Specific Transplantation Antigens . The control of the expression of

the early (A) gene of a resident SV40 genome in SV40 transformed cells has
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become a center of attention for SV40 virologists and molecular biologists.
The A gene has at least two functions: 1) it is responsible for the initiation
and possibly the maintenance of the transformed cell growth phenotype (as far
as certain tissue culture growth properties), 2) it apparently encodes the
nuclear T, and possibly the other SV40 specific antigens, such as the cell
surface antigen (TSSA) , and the tumor specific transplantation antigen (TSTA)

.

A) The subcellular distribution of SV40 anti-T serum reactive species
was determined directly by S. W. Luborsky and K. Chandrasekaran (reported in
Project No. ZOl CB 05544-11 I ) . Briefly, 35s-niethionine labelled SV40 trans-
formed T antigen positive cells of AL/N, BALB/c and rat origin were fractionat-
ed to obtain cell membrane, nuclear and cytoplasm fractions. Tests showed
negligible cross-contamination. When their radioimmunoprecipitates were
analyzed by polyacrylamide gel electrophoresis, the cytoplasm fraction,
surprisingly, lacked anti-T serum reactivity, and very low levels of small t

antigen (19K dalton) were found in the nuclear fractions of both AL/N cell
lines, and in the membrane fraction of AL/N line 215. These results bear
further investigation. Of particular interest, however, was the finding of
both large T antigen (94K dalton) and a 56K dalton protein together, both in
the nuclear and in the membrane fractions of all cell lines examined.

Supporting evidence for the presence of 56K protein on the cell surface
was obtained. The conventional radioimmunoprecipitation procedure was modified
to measure only cell surface antigens. After reaction of hamster anti-T serum
with intact cells, the immune complexes were extracted and analyzed. Prominent
specific bands of 94K and 56K molecular weight were obtained after gel
electrophoresis. No band was seen at 19K dalton, whereas the conventional
procedure, in which antiserum is added to the whole cell extract, yields all
three species. Furthermore, brief trypsinization of the cells prior to surface
immunoprecipitation completely removed the 56K protein. Lactoperoxidase
catalyzed iodination of the cell surface revealed two -'-^Si-iabelled immuno-
precipitable proteins of 94K and 56K molecular weight, but no 19K dalton t

antigen, in the extracts of iodinated, SV40, transformed cells.

B) A survey was made of the composition of the immunoprecipitates
obtained from various SV40 transformed, T antigen positive cell lines. A new
species, a protein with molecular weight of approximately 130K was present in
some but not all SV40 transformed mouse cells. The 56K protein-was found in
all virus transformed cells examined, including mouse, rat, rabbit and human
cells, but not in spontaneous trans formants or tumor cell lines which reverted
to T antigen negative state. We observed this protein to be missing, or present
at very low levels, in SV40-infected monkey cells (lytic infection). These
results suggest that the 56K protein is specific to transformation by papova
viruses

.

C) Large T antigen was found to be inactivated by heating, whereas the
56k protein was virtually unaffected. The heated extract from transformed
cells gave only a 56K but no 94K dalton band after immunoprecipitation, whereas
the unheated extract had both bands. Further testing of the heated extract by
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inoculation into mice showed it produced as good protection against subsequent

tumor cell challenge as did the unheated extract. Thus the 56K protein might

be involved in the induction of transplantation immunity to these transformed

cells.

Apparently the antigenic determinants of the 56K protein are located on

the surface of the SV40 transformed cell, where this protein was found to-

gether with the large T antigen. Its activity may be associated with its

presence on the cell surface, where either alone or acting together with the

large T antigen, it might provide the surface antigen activity responsible
for tumor specific surface and/or transplantation antigen activities.

D) The large T antigen isolated from productively-infected monkey cells

is known to be phosphorylated. It was of interest to determine the extent of

phosphorylation among the various anti-T serxim reactive species obtained from

transformed cells. When extracts from ^Sg-methionine labelled cells were
immunoprecipitated and electrophoresed on gels, specific radioactive bands

were obtained principally at 130K, 94K, 56K and 19K. When a 32p_iabelled
cell extract was mixed with the ^^S-labelled extract and the procedure
repeated, all -^^S-bands contained -^^P-label except small t antigen (19K dalton)

.

Thus large T antigen and the 56K protein from transformed cells are phospho-
proteins.

E) The size and distribution of the 56K protein in different species
was investigated. In experiments similar to those outlined above gels were

prepared of -^^S-labelled immunoprecipitates and this SV40-related, middle size

antigen was always detected, but there were variations in its apparent

molecular weight, depending upon the species. As also reported by others
recently, the SV40 transformed human (e.g. SV80) and rat cells appeared to

possess both '\^56K and '^^60K MW bands, rabbit cells a '>^60K band, and hamster
cells a "^SbK band. After lytic infection of CV-1 cells a protein of '^'63K MW
appears at 24 hrs., in contrast to the appearance of large T antigen and

small t antigen at 16 hrs

.

F) Tryptic peptide analyses by ion-exchange and paper chromatography
were carried out on the immunoprecipitated species found in extracts of SV40

transformed cells. The 130K dalton antigen contained about 15 methionine-
tryptic peptides which were also present in the SV40 large T antigen, strongly

suggesting that this protein was virus-coded. The 56K protein, on the other
hand, shared only 2 methionine-tryptic peptides with the large T antigen.

These results suggest a cellular not a viral origin for the 56K protein, but

do not exclude the possibility that this protein contains sequences specified

by the virus DNA. (This work was done together with Drs. D. T. Simmons and
M. A. Martin, of LBV, NIAID. Similar results have been obtained by Drs. E

and P. May, Villejuif, France, personal communications.)

G) Since the 56K protein lacks the extensive tryptic peptide homology
with the 94K, reported above for the 130K, 94K and 19K dalton species, the

basis of its precipitation with anti-T serum was investigated. It may
interact directly with the antiserum or, as has been suggested, it may be
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bound to T antigen and thus co-precipitate. A further suggestion was the
possibility that it may be present in normal or in tumorigenic cells but that
it could not be detected in the absence of the appropriate molecule with which
it must co-precipitate - e.g. large T antigen. Therefore labelled extracts
from both a non-SV40 transformed, very low tumorigenicity parent cell line
(210C) and from its highly tumorigenic derivative variant (219CT) were mixed
with excess of unlabelled extract of a T antigen positive cell line. No

detectable specific 56K protein was found in the immunoprecipitates from these
mixed extracts. In the reciprocal experiments, where labelled T antigen
positive cell extracts were mixed with the unlabelled T antigen negative cell
extracts no decrease in intensity of the 56K radioactive band was discernible.
Thus, unless all of the complexing between T antigen and the 56K protein
occurs during cellular biosynthesis, only within the cell, and the 2 proteins
are synthesized at equal rates, neither 210C nor 219CT synthesize 55K protein.
We conclude that the synthesis of the 56K protein is not a correlate of

cellular tumorigenicity, but of SV40 T antigen synthesis.

H) To gain proficiency in newer 'techniques of purification and of
analysis of protein structure, function and activity, Dr. S. Shifrin has been
collaborating with Dr. C. R. Merril, NIMH, and others, in a study of the

proteins of lymphocytes and macrophages (see Project No. ZOl CB 05082-1 I )

.

They have been using the technique of 2-dimensional gel electrophoresis to

study new or modified proteins in the lymphocytes separated on Ficol/Hypaque,
either from patients with various diseases or after exposure to various
irritants or stimulants (e.g. asbestos, PHA) . A very sensitive silver stain
was found which will permit detection of proteins and peptides in gels at the
level of O.lng. By this means, a specific peptide was found, for example, in
the urine of patients with Alzheimer's disease, which is not present in

disease-free family members nor in normal controls. Other techniques which
have been employed include computer-assisted analysis of the gels to pick out
differences, chemical synthesis of peptides, using a peptide synthesizer,
peptide analysis by 2-dimensional electrophoresis on thin-layer plates, and
assay of macrophage factors. It is hoped these and other new techniques also
can be employed directly in our studies of transformed cells.

I) Work on the unusual processing (transcription and translation) of the
SV40 A gene in transformed cells which results in the 56K protein is being
done by Dr. G. Khoury of NCI, and Dr. S. Weissman of Yale University Medical
School, using cells supplied by us.

Thus, the above work on the cell-SV40 system and the 56K protein, and the
conclusions we have made can be summarized as follows. Immunoprecipitates of
extracts from SV40 transformed or infected T antigen positive cells contain
4 specific molecular weight classes of antigens, of approximately 140K, 94K,
56K and 19K daltons. The 56K protein is located in the transformed cell
nucleus and on the cell membrane, together with large T antigen. It is
phosphorylated, is apparently unrelated structurally to large T antigen and
it is most probably cell encoded; it seems to be specifically derepressed in
the presence of a functioning early region of the SV40 gene, with which it
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appears to co-segregate. The 56K protein is not synthesized in normal cells,

nor in highly tumorigenic cells which have become transformed, not by SV40,

but spontaneously.

Significance to Biomedical Research and the Program of the Institute ; Studies

of biochemical changes in cells, particularly in the cell surface, which

relate to acquisition of tumorigenic potential caused by some rare event, such

as somatic mutation, and the studies on immunologic recognition and rejection

in vivo are of interest, especially when they may lead to understanding of the

changes in molecular mechanism which appears to be reducible to heritable

changes of control processes on the DNA level.

Proposed Course of the Project : Attempts will be continued to further clarify

the relevance of the various changes in cell membrane biochemistry, especially

in the heparan and chondroitin sulfates, to spontaneous and to viral induced

transformation of cells. We also plan to relate these changes to phenotypic

changes in cell immunogenicity and in tumorigenicity in various syngeneic,

allogeneic and nude mouse systems. Studies on the molecular level will also

include regulatory events which may be due to association of the A gene

product with selective (e.g. nuclear membrane associated) portions of the

cellular DNA. We will further study 1) the relationship between SV40 TSTA

and the cell surface, 2) control of gene expression for the newly discovered

56K protein and its relation to transformation, 3) the basis for the inter-

action of this 56K protein with hamster anti-T serum, 4) the '^^63K protein

found after lytic infection and its possible relationship to the 56K protein

in SV40 transformed cells, 5) the host immune response against SV40 transformed

cells using purified SV40 TSTA. We hope that the information and methodology

developed in the mouse system will be of use in studies on human tumor cells.
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Project Description

Objectives ; As part of a study of surface changes in transformed cells we
wished to develop and improve methods to isolate cell surface membranes and
other new antigenic proteins, to compare those isolated from normal, spon-
taneous, and viral transformed cloned and mass cell lines; and to solubilize
and characterize the antigens from SV40 transformed cells, and investigate
their interrelationships.

Methods Employed ; Tissue culture cell cultivation, infection with SV40 virus,
cell cloning procedures, polyacrylamide gel electrophoresis, column chroma-
tography, ultracentrifugation, various immunological assays to detect tumor
antigens.

Major Findings : In order to determine directly the subcellular distribution
of SV40 anti-T serum reactive species, we adapted a fractionation method from
those reported in the literature to be simple, rapid and quantitative. We
then fractionated SV40 virus transformed, T antigen positive cells, of AL/N
and BALB/c mouse, and of rat, origin, radiolabelled with 35s-methionine, to

obtain cell membrane, nuclear and cytoplasm fractions. Tests were performed
by mixing experiments, by cell surface radioiodination and by incorporation
of JH-thymidine into cell DNA to determine the purity of these subcellular
fractions, and negligible cross-contamination by these radiolabels was found.
When radioimmunoprecipitates from the cell fractions were analyzed by gel
electrophoresis, the cytoplasm fraction, surprisingly, lacked anti-T serum
reactivity. Very low levels of small t antigen (19K dalton) were found in
the nuclear fraction of both AL/N cell lines, and in the membrane fraction of
AL/N line 215. These results bear further exploration. Of particular
interest, however, was the finding of large amounts of both large T antigen
(94K dalton) and a 56K molecular weight protein together, both in the nuclear
and, in somewhat lesser amounts, in the plasma membrane fractions of all cell
lines examined.

Other work supported these findings. A modification of the conventional
radioimmunoprecipitation procedure provided a test for cell surface antigens.
Antiserum was allowed to adsorb to ^^s-methionine labelled SV40 transformed
cells while they were still attached to the tissue culture flask. After this
cell surface immune reaction, the immune complexes were extract-ed from the
cells, precipitated and analyzed as usual. Prominent specific bands were
found, of 94K and 56K molecular weight. No band was seen at 19K dalton by
this method, whereas the conventional immunoprecipitation procedure, in which
antiserum is added to the whole cell extract, yielded all three molecular
weight species. Moreover, brief incubation of the cells with dilute trypsin
prior to surface immunoprecipitation completely removed the 56K protein.
In addition, lactoperoxidase catalyzed iodination was used to demonstrate the
location of iodinatable proteins on the cell surface. Immunoprecipitation of
extracts of ^^Sx-iabelled cells revealed two proteins with 94K and 56K mol.
wt., but no 19K dalton t antigen, in the extracts of iodinated transformed
cells

.
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Finally, thermal stability experiments revealed that following heating

the 94K dalton large T antigen was inactivated - no longer able to be immuno-

precipitated by hamster anti-T serum - whereas the 56K protein was virtually
unaffected by heating. The heated, transformed cell extract was tested

further for tumor specific transplantation antigen activity and found to

protect mice against tumor cell challenge as well as did unheated extracts.

This result suggests that the 56K protein may be responsible for the tumor

specific transplantation antigen activity.

Thus it appears that the 56K protein is a membrane protein with its

antigenic determinants located on the surface of SV40 transformed cells,

where we find it together with the 94K dalton large T antigen. Together with

our earlier demonstrations of the co-purification of the tiimor specific

surface and transplantation antigens, these findings are consistent with
previous suggestions of the close degree of homology that must exist between
the protein species carrying these three antigenic determinants. The activity

of the 56K protein thus may be associated with its presence on the cell

surface, where either alone or acting together with the large T antigen, it

might provide the surface antigen activity responsible for tumor specific

surface and/or transplantation antigen activities.

Significance to Biomedical Research and the Program of the Institute : The

properties of the cell surface, its chemical composition, structure and

antigenic determinants exert important influences upon cell growth character-
istics and the ability of certain cells to form tumors or to be rejected by

the host. Studies of cell surface biochemical changes which relate to

acquisition and expression of tumorigenic potential or to immunologic recogni-

tion and rejection in vivo are therefore of particular interest. Since we

have solubilized three SV40 specific antigens, we can study the correlation of

in vitro cytotoxicity and complement fixation, and in vivo transplantation-
rejection assays, as well as the molecular nature of these antigens, their

possible interrelationships, and their sites of action in the cell.

Proposed Course of the Project : Attempts will be made to fractionate the

T antigen species, to obtain each free of the others and not denatured by

high concentrations of detergent, urea or other denaturing solvent. Extracts

will be prepared from whole cells and from the isolated cell fractions, and

assayed for SV40 antigens. Isolated antigen will be further characterized

by ultracentrifugation as well as gel electrophoresis, to determine more
precise values for their molecular weights. Purified antigen preparations

will be used to raise antibody for the preparation of affinity columns to

more rapidly and quantitatively prepare SV40 antigens for further study. In

the light of their co-purification, we will attempt to understand the

interrelationships of these early SV40 antigens by investigating events

leading to their synthesis and possible processing, and their possible

function in the cell - with particular emphasis on the 56K protein. We will

attempt to better understand the relevance of the various changes in cell

membrane biochemistry and immunochemistry to spontaneous and to viral induced

transformation of cells.
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Annual Report of the Laboratory of Immunodiagnosis,
National Cancer Institute

October 1, 1978 - September 30, 1979

This report summarizes the activities of the Laboratory of Immunodiag-

nosis for its fourth full year, since its initiation in December, 197^. The

research activities of the Laboratory of Immunodiagnosis can be divided into

four main areas: Role of natural and induced effector and suppressor cells in

resistance against cancer; Cell-mediated immunity against tumor associated and

other antigens; Immunochemical studies of tumor associated antigens and of

lymphokines; and Application of immunologic procedures to clinical problems of

cancer patients. The main objective of all these studies is the application of

the research information to the diagnosis of cancer and the monitoring of

disease in tumor bearing individuals. Each of the areas of research in this

laboratory has been highly productive during the past year: There have been

extensive studies on natural killer cells, with emphases on the regulation of

activity, the in vivo role of these cells in antitumor resistance, and in-

dications for a role of NK cells in reactions against solid tumors as well as

against lymphomas. A major finding has been that NK cell activity is appreci-
ably augmented by interferon and is suppressed by prostaglandins and adherent

cells. In addition to NK cells, we have obtained substantial evidence for

other natural effector mechanisms, mediated by monocytes or macrophages and by

granulocytes. There has been considerable progress in understanding of the

processes involved in activation of cytotoxic macrophages and in the mechanism
of immunosuppression by macrophages. As a model for breast cancer, interesting
new information has been obtained regarding reactivity during the latent

period of spontaneous mammary tumors in mice. Considerable progress has been
made in our clinically related studies. We have obtained evidence that BCG and

C. parvum have major effects on natural killer cells and on macrophages and

that these effects may be important in antitumor effects by these agents.

Results to date in our radioimmunoassay for human lung tumor associated anti-

gens indicates a promising discrimination between serum samples from patients

with lung cancer from those of patients with other diseases and from normal

donors. Some of our assays of cell-mediated immunity have been shown to have

significant prognostic value for patients within a particular stage of

disease. We have made an intriguing and potentially important observation that

normal individuals in contact with lung cancer develop cell-mediated immune

reactivity to lung tumor associated antigens. Our collaborative clinical

randomized immunotherapy protocol in lung cancer patients continues to show

significant prolongation of disease free interval among patients receiving
intracutaneous BCG.

In addition to the research activities of the Laboratory, there have been

other efforts of relevance and importance to the immunodiagnostic research of

NCI. In September 1978, we held an international workshop on Immunodiagnosis
of Human Cancer, where the details of the status of immunologic assays poten-
tially useful for the diagnosis and/or management of cancer patients were

discussed. This was a valuable meeting, providing a good indication of the

state of the art in this research area. Detailed information on each of the
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many assays presented and discussed at the meeting have been published as a
compendium of immunodiadiagnostic tests, and this should be a valuable re-
source for investigators in the field. In addition, Dr. Herberman has continu-
ed to be involved in the evaluation of many potentially useful immunodiagnostic
tests, by his central role in the use of coded serum panels provided to
investigators from the NCI-Mayo Clinic Serum Bank.

A variety of major changes have taken place in the laboratory during this
year. Dr. Mclntire became Chief, Diagnosis Branch, NCI and consequently has
had to appreciably decrease his participation in the research program of LID.
Dr. West left LID at the end of June 1979 to organize an Oncology Unit at the
University of Tennessee at Memphis. There have been increased efforts to focus
the research activities of each of the Senior Investigators on problems of
highest priority, and for each to assume independent responsibility for pur-
suit of these projects. This has led to some reorganization, mainly in regard
to the clinically related studies. Dr. Bonnard has focused his activities
almost exclusively on important problems related to continued cultures of
human T cells. Dr. West, during his final period in the laboratory, focused
his attention on detailed immunologic studies with the MAD 109 transplantable
lung cancer of mice. Dr. McCoy has begun to focus his efforts almost exclu-
sively on problems related to the immunology of murine and human breast cancer.
In order to continue some other important clinical efforts related to cellular
immunity. Dr. Herberman has assumed more direct supervision of other areas,
particularly related to natural effector cells and the effects of immuno-
therapy on immune reactivity. This has been possible because with the end of
the intramural involvement in the Immunology Contract Program, he has had con-
siderably more time available for direct participation in research problems of
LID. In order to have assistance in these important areas and to have them
adequately covered on a long range basis, we recruited a new investigator. Dr.
Thomas Hoffman, who is experienced in cell-mediated immunity and clinical
research. With the change in status of Dr. Mclntire, Dr. Braatz assumed most
of the direct responsibility for the immunochemical research of LID. He has
focused the efforts on two problems, studies of human lung cancer antigens and
of lymphokines. The efforts of Dr. Holden have become focused mainly on the
cytotoxic and suppressor activities of mouse macrophages.

Because of the limited space and technical staff which have been available
to the laboratory, for several years its activities have been substantially
augmented by support contracts with Litton-Bionetics, Inc. During this year,
the efforts on these contacts have been reduced and focused on"a more limited
range of high priorities. The support contract for the performance of in vitro
of assays of immunity of cancer patients has undergone a substantial reduction
of staff and budget and has focused mainly on detailed studies on the effects
of immunotherapeutic agents on the immune reactivity of cancer patients. The
staff and budget of the support contract for studies of in vivo tumor immunity
in experimental mice and rats have also been appreciably reduced and efforts
have been focused on the effects of in vivo manipulations on NK cell reactivity
in mice and its relationship to resistance to tumor growth. The other main
function of this contract has continued to be the holding of large numbers of
mice, needed for later experiments at LID.
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Some highlights of achievements in the past year ;

I. Role of Natural and Induced Effector and Suppressor Cell in Resistance
Against Cancer.

We have continued to perform extensive studies on natural cell-
mediated immunity against tumor cells. During the past year, our studies have
focused primarily on the following areas: a) Factors and agents affecting the

levels of cytotoxic activity; b) the specificity of NK cells; c) the character-
istics of NK cells; d) the relationship between NK cells and K cells mediating
antibody-dependent cell-mediated cytotoxicity (ADCC); e) the involvement of NK

cells in reactivity against carcinomas in addition to lymphomas; and f) the

relationship of NK activity to in vivo resistance against tumor growth. In

addition, studies have been performed on the cytotoxic activity of monocytes
and granulocytes from normal donors.

In last year's report, we summarized the evidence that interferon played a

central role in augmenting the cytotoxic activity of NK cells. Detailed
studies on the role of interferon (IF) and interferon inducers in boosting NK

activity have continued. We have been particularly concerned with the mechan-
ism of the effect of IF on NK cells and whether stimulation by IF could account

for all instances of augmentation of NK activity and further, whether IF was

responsible for the spontaneous activation in vivo of NK cells. We found that

augmentation of NK activity in mice by inoculation of tumor cells, as well as

by viruses and other agents, was due to induction of IF.

Recent studies with human NK cells have provided further documentation
that IF is indeed responsible for the boosting of NK activity. Pretreatment of

the cells with ouabain, previously shown to block binding of IF to cells,

completely inhibited boosting. More direct and conclusive evidence has come

from studies with a completely purified, homogeneous, IF preparation derived

from fibroblasts. The purified protein was able to appreciably boost IF

activity, even with only 10 units of anti-viral activity.

To determine the relationship between the mechanism of NK boosting by IF

and the mechanism of induction by IF of viral resistance, and to gain some

insight into the similarities between spontaneous and boosted NK activities, a

series of studies have been done to examine the effects of anti-IF and of

metabolic inhibitors on spontaneous mouse and human NK activity and on boosting

of NK activity. The spontaneous activity of mouse NK cells- was not affected by

anti-IF or by inhibitors of DNA, RNA or protein synthesis. In contrast, in

vitro boosting of NK activity by IF was completely inhibited by anti-IF and was

also blocked by pretreatment with RNA and protein synthesis inhibitors. When

cells were first boosted and then exposed to metabolic inhibitors, the boosted

activity became resistant to depression by an RNA synthesis inhibitor after 5-8

hrs and by protein synthesis inhibitors after about 24 hrs. Thus, after

exposure to IF, activation of NK cells appears to depend on new RNA synthesis

for a period of several hrs and on synthesis of protein for a longer period.

Thereafter the activity appears to be stable and independent of further produc-

tion of RNA or protein. These results are completely compatible with the

mechanism of induction of the anti-viral state by IF. In a comparable series

of experiments with human NK cells, very similar results were obtained with
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regard to boosting by IF. However, several of the effects of treatments on
spontaneous human NK activity were different from those observed in the murine
studies and have raised the possibility that human NK activity remains rather
stable in most individuals for years because of continuous production of some
IF in vivo , with consequent maintained activation of NK cells.

Recent studies on stimulation of NK activity in mice by an immune adju-
vant, pyran copolymer and by a chemotherapeutic agent, adriamycin, have pro-
vided some unexpected results that may lead to better insight into factors
regulating the levels of NK activity. These have led to the hypothesis that
the same agent can induce either augmentation or suppression of NK activity,
depending on the spontaneous level of reactivity. When baseline activity is

low, treatment will usually result in boosting, whereas when the baseline
activity is high, suppression is a more likely result. In addition, this study
has indicated that some chemotherapeutic agents can lead to stimulation of NK
cells and macrophages.

Prostaglandins have a negative regulatory effect on, mouse NK activity
both in vitro and in vivo . Addition of PGE or PGE at 10 M concentration to

the cytotoxicity assay substantially reduced the level of NK activity. Maximal
suppression of cytotoxicity was observed when PGs were present throughout the
assay; pretreatment of effector cells resulted in only a slight reduction in

activity. Spleen cells precultured overnight at 37 but not at 4 lost their
sensitivity to PG-mediated suppression; a similar finding has been reported by
other laboratories for PG-mediated suppression of PHA-induced blastogenic re-
sponses of human peripheral blood lymphocytes. When the cytotoxicity of spleen
cells from older mice was boosted in vivo by interferon inducers or by in vitro
treatment with interferon, it was found to be as susceptible to inhibition by
PGE as spontaneous activity.

Following a number of in vivo treatments, e.g. in mice bearing various
tumors, mice exhibited decreased NK cell activity. Since PGs could suppress NK
activity in vitro and since elevated levels of PGs have been demonstrated in
some tumor-bearing hosts, the effect of various inhibitors of PG synthesis on
the NK cell cytotoxicity of tumor-bearing- mice was examined. CBA/J or Swiss
nude mice were inoculated with MSV (Moloney): 12-14 days following MSV inject-
ion, tumor-bearing mice had decreased levels of NK cell activity compared to

age matched, uninoculated control mice. Injection of MSV tumor-bearing mice
with aspirin, a known inhibitor of PG synthesis, partially, or in some experi-
ments completely, restored NK cell activity to normal levels'. ' Similarly,
following oral administration of indomethacin for 7 days prior to testing,
tumor-bearing mice again exhibited increased NK cell activity.

Another agent that can increase or decrease NK cell cytotoxicity, depend-
ing on the route of injection and time after administration, is Corynebacterium
parvum . Following intraperitoneal inoculation of mice with C. parvum , in-
creased NK cell activity was found at day 3. Following intravenous (IV)

inoculation of C. parvum , decreased cytotoxicity was found, beginning at day 6

and lasting through day 21. When mice received indomethacin along with C.

parvum IV cytotoxicity remained at normal levels from day 5 through 8 but then
became depressed. These data indicated that PGs may be involved in the initial
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depression of activity but that the effect of indomethacin is either overcome

or that other suppressive mechanisms may be operative at the latter times.

The possible specificity of NK cells for certain target cells has remained
a difficult and controversial question. We have performed two recent projects
in this area. In the first, the reactivity of NK cells from mice, rats, and

humans against heterologous targets was examined. Human NK cells were essen-
tially unreactive against mouse and rat target cells that were very sensitive
to lysis by NK cells of the homologous species. Mouse and rat NK cells reacted
to some extent against heterologous target cells but the degree of sensitivity
of a target cell to heterologous NK activity appeared unrelated to its sensi-
tivitiy to lysis by homologous NK cells. These data pointed toward some

heterogeneity in the target cell structure recognized by NK cells, but with
some species restriction to the reactions. The question of specificity of
human NK cells has recently been addressed by selective adsorption of NK cells
onto monolayers of various target cells. It has been possible to remove almost
all activity against the target cell used for depletion and leave behind
appreciable activity against some other target cells. This approach appears to

be providing direct evidence for some heterogeneity of human NK cells. Further
studies in this area may resolve the questions of the clonality of NK cells and
the range of antigens that can be recognized.

Studies have continued on the characteristics of NK cells, and have indi-
cated that some mouse NK cells have Thy 1 antigens and that human cytotoxic
cells developing upon in vitro incubated have similar characteristics as NK

cells. We have examined mouse NK activity and ADCC for their sensitivity to

treatment with monoclonal anti-Thy 1.2 plus complement, and have separated Thy
1.2 positive nude spleen cells from Thy 1.2 negative cells, to test for the
presence of these markers on the effector cells. Cells mediating NK activity
and ADCC had similar characteristics. The effector cells appeared to be

heterogeneous, with one subpopulation Thy 1.2 positive and another lacking
detectable Thy 1.2 antigen. A major difference between nude spleen cells and
spleen cells from conventional mice appeared to be the relative proportions of
these two cell subpopulations. About 70-90$ of nude spleen cells with these
two functional activities were Thy 1.2 positive, while only 50-70$ of those
from conventional mice were positive.

There have been several studies suggesting some close relationship be-
tween NK activity and ADCC. We have recently obtained two lines of evidence
that human NK activity and ADCC are mediated by the same effector cells. Cold
target inhibition of NK activity was accompanied by simultaneous inhibition of
ADCC; target cells sensitive to NK activity were able to specifically inhibit
an ADCC assay. Furthermore, specific removal of NK cells on monolayers formed
by target cells sensitive to NK activity caused simultaneous depletion of ADCC
effector cells. In association with the removal on the monolayers of effector
cells for ADCC as well as NK activity, we also found a significant depletion of
cells bearing Fc receptors for IgG. Although NK and ADCC appear to be mediated
by the same cells, the mechanisms appear to be different. After removal of Fc

receptors by reactions with antigen-antibody complexes overnight at 37 C,

appreciable levels of NK activity remained, thus demonstrating that Fc recep-
tors were not needed for NK.
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Although there is increasing evidence that NK cells can strongly inhibit
the growth of sensitive murine leukemia and lymphoma lines both iji vitro and in
vivo , there has been scant evaluation of their activity against solid tumors.
We have attempted to evaluate the activity of NK cells against murine lung
cancer in vitro . The Madison 109 lung cancer metastasizes widely and is
rapidly lethal following subcutaneous injection into syngeneic BALB/c mice.
This tumor is resistant to the effects of many cytotoxic drugs but is inhibited
in vivo by treatment of animals with interferon-inducers such as pyran co-
polymen or poly I:C. The Madison 109 tumor was resistant to NK in the usual 4-

hour, Chromium-release cytotoxicity assay, but was clearly sensitive to NK
activity, however, when tested in 18-36 hour assays, particularly in the
presence of exogenous interferon. NK-enriched, macrophage-depleted, spleen
cells from BALB/c nude mice had little effect on uptake of tritiated thymidine
by Madison 109 in a 48 hour growth inhibition assay (GIA). These fractions
were strongly growth-inhibitory, however, in the presence of exogenous inter-
feron, or in the presence of small numbers of adherent cells. We are currently
testing the hypothesis that a macrophage-dependent production of endogenous
interferon underlies the augmentation of NK observed in Madison-spleen cell
cultures, and that the continuous production and presence of such interferon is
required for full expression of NK-mediated inhibition of tumor growth.

The possible role of NK cells in in vivo resistance to tumors is a very
important issue and we have continued to perform studies in the area. We have
been correlating our findings regarding mouse NK activity with rapid in vivo
clearance of intravenously inoculated radiolabeled tumor cells. When mice
with different levels of NK activity (related to strain, age, or treatment)
were compared, the animals with higher NK activity were found to have higher
clearance of radioactivity from their lungs, spleen and liver. This correla-
tion was found in a wide variety of situations and for some solid tumor cell
lines as well as for lymphomas. After injection with IF inducers, increased
clearance was seen at the same time as boosting of NK activity and prior to the
time when macrophage activation was detectable. Furthermore, inoculation of
IF itself led to a rapid increase in the ability of mice to clear injected
tumor cells. Various treatments that depressed NK activity (cyclophosphamide,
silica, estradiol) also interfered with in vivo clearance. The clearance of
labeled tumor cells from the lungs correlated particularly well with the levels
of NK activity in the spleen. To account for this, we have found that cells
from the lungs had NK activity comparable to that in the spleen. Thus, NK
cells appear to play a major role in the rapid in vivo clearance of tumor
cells, and it seems likely that NK cells are a primary, defense mechanism
against metastasis and possibly also primary tumor growth.

To obtain more insight into the possible role of NK cells in resistance
against primary tumors, we have examined MSV-induced tumors and spontaneous
mammary tumors in mice for the presence of NK cells in situ . The levels of NK
activity in MSV-induced tumors have appeared to parallel the levels in the
spleen. In contrast to the findings of NK activity in MSV-induced tumors, no NK
activity was detected in any of 29 human carcinomas and neuroblastomas. Since
MSV-induced tumors and human tumors gave divergent results, it seemed possible
that the virus-induced regressing tumors with short latent period were not an
appropriate model for spontaneous human carcinomas and other tumors, which
undoubtedly had been present for long periods of time and already had grown to
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rather large size. We have therefore examined some spontaneous mammary adeno-

carcinomas in C3H mice. Our preliminary results have indicated that NK activ-

ity was more readily detected in small primary tumors than in advanced lesions.

Larger tumors in this system may more closely resemble human tumors and further

stuidies with this model may provide better insights into the role of NK cells

in human tumors.

In addition to NK cells, we obtained recent evidence that monocytes and

granulocytes from normal individuals also have cytotoxic reactivity against

tumor cells. Monocytes isolated from the peripheral blood of normal human

donors or mice displayed appreciable cytolytic activity against some target

cells when tested in a 48-72 hr H-thymidine release assay. There was no

species restriction in regard to target cell sensitivity, but high activity was

seen only against transformed cell lines, and untransformed cells had little or

no sensitivity to lysis. Granulocytes from normal human donors had no detec-

able cytolytic activity, even after 72 hrs of incubation. However, they did

produce marked cytostasis within 24 hrs of culture with a wide variety of

target cells. The range of cytotoxic activity of the granulocytes was wider

than that of either NK cells or monocytes, with even some untransformed adher-

ent cell lines inhibited to a significant extent. There was evidence that the

cytostasis by granulocytes was mediated by two different mechanisms, with a

role of hydrogen peroxide, inhibitable by addition of catalase, with one cell

line but not with others that were tested.

In addition to its effects on NK cells, IF appears to be able to augment

the cytolytic activity of human monocytes. When IF was present during the

assay, the activity of monocytes from most donors was appreciably increased.

Preincubation of the monocytes with IF for 18 hrs resulted in a lower but still

significant increase in activity and preincubation for just 1 hr had only

minimal effects. This is in contrast to the observations with NK cells, in

which preincubation for only a few minutes resulted in close to optimal boost-

ing. We have also studied whether lymphokines other than IF could also augment

monocyte -mediated cytolytic activity. Supernatants from cultures of peripher-

al blood mononuclear cells with C. granulosum had low or undetectable levels of

IF but did contain migration inhibitory factors (MIF), active against mouse

peritoneal macrophages and human monocytes. These supernatants have also

induced appreciable boosting of cytolysis by monocytes. In preliminary exper

iments, it appears that these and other lymphokine-containing supernatants can

also augment the cytostatic activity of human granulocytes.

Lectin-induced cytotoxicity mediated by human T cells against Chang-liver

cells were also boosted by interferon. Most of the unboosted activity resided

in the Tm fraction, interferon had only a modest effect on the activity of Tm

cells, and low levels of activity in Tg cells could be boosted considerably

with interferon. Thus, we were able to reach the conclusion that in lectin-

induced cytotoxocity, as well as in NK or ADCC, the Tg cells seem to be the

preferential target cells for the boosting effect of interferon.

In analogy with the observations of natural cytotoxicity by human mono-

cytes, adherent-phagocytic cells from the peripheral blood and the unstimulat-

ed peritoneal cavity of normal C3H/Hen mice were found to have appreciable

cytolytic and cytostatic activity. The cytotoxic reactivity of the macro-
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phages from normal mice could not be attributed to activation by a variety of
possible in vivo or in vitro stimuli. Cells from germ-free nude mice had
cytolytic activity, as did cells cultured in medium containing endotoxin-free
fetal bovine serum or normal mouse serum. Activation by interferon produced in
vitro was also unlikely since macrophages cultured in the presence of anti-
interferon were also cytotoxic. As previously described for activated macro-
phages, peritoneal macrophages from normal C3H/HeJ mice were significantly
less cytotoxic than macrophages from syngeneic C3H/HeN mice. The monocytes and
macrophages seemed to have somewhat different properties since the addition of
lymphokine-containing medium to the adherent peripheral monocytes increased
their cytotoxicity, whereas no enhanced activity was observed by adding this
supernatant to resident peritoneal macrophages. The normal macrophages and
monocytes reacted against both syngeneic and allogeneic and human tumor cells
as well as fibroblast cells transformed by SV^IO virus.

In association with spontaneous lymphokine production in response to MTV
in normal virgin C3H/HeN female mice infected with oncogenic MTV, unstimulated
peritoneal macrophages from 14- 20-week-old mice were significantly more cyto-
toxic than those from younger or older mice or from MTV-uninfected C3H mice of
any age. In contrast to lymphokine production and increased macrophage cyto-
toxicity of the 14- 20-week-old MTV-infected C3H mice, their lymphoprolifer-
ative responses to the mitogens, PHA, Con A and LIP, were depressed. This
depression was associated with the appearance of suppressor cell activity,
capable of suppressing the mitogenic response of normal spleen cells.

To provide better insight into some of the various states of macrophage
activation and/or differentiation and macrophage functions that we are inves-
tigating in tumor-bearing mice, we have performed studies with several murine
macrophage cell lines that have many of the characteristic of normal macro-
phages. RAW-264, IC-21 and PU5-1.8 had intermediate to high levels of cyto-
lytic activity, P388DI and J774 had low to intermediate levels while WEHI-3 had
little or no activity. The cytolytic activity of the cell lines could be
increased by the addition to the assay of a variety of stimulants, such as
bacterial lipopolysaccharide, muramyl dipeptide, and poly I:C. The increase
in the levels of activity was generally proportional to the level of spontane-
ous activity; however, the activity of IC-21 was not affected by any of the
stimuli. When the macrophage cell lines were tested for their ability to
inhibit the proliferation of two tumor lines, RBL-5 or RL<?1 , the rank order of
reactivity was slightly different from that seen in the cytolysis assays. J774
had the highest cytostatic activity, followed by IC-21, RAW-264 j- and PU5-1.8.
P388DI had low levels of activity while WEHI-3 was growth inhibitory only at
very high effector/ target cell ratios. When the same lines were tested for
their ability to suppress the response of normal spleen cells to mitogenic
stimulation, the rank order of reactivity was very similar to that found in the
cytostasis assay. This is consistant with our previous suggestions that cyto-
static and suppressive activities of macrophages involve similar cells and may
be mediated by similar mechanisms.

We have previously shown that macrophages can inhibit the in vitro produc-
tion of a lymphokine, macrophage migration inhibitory factor (MIF), by stimu-
lated T lymphocytes. When macrophages isolated from primary MSV-induced
tumors were added to antigen-stimulated MSV-immune spleen cells, complete sup-
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pression of MIF production was observed. We have demonstrated that this

suppression was nonspecific since the MIF production by antigen stimulated

alloimmune spleen cells and by PHA or Con A stimulated normal spleen cells was

also inhibited. Moreover, the activation of suppressor macrophages was not

specific for tumor-bearing mice, since cells with the same characteristics

could also be obtained from mice inoculated with C. parvum but not from animals

that had been injected with light mineral oil. In addition to the ability of

activated macrophages to inhibit MIF production and the proliferative response

of normal spleen cells stimulated with Con A, we also found that these suppres-

sor cells could nonspecifically inhibit the production of macrophage activa-

tion factor (MAF) stimulated by mitogen, alloantigen or tumor associated anti-

gen. In our studies to examine the kinetics of these responses, we found that

macrophages were able to suppress MIF production only when added during the

first 4-5 hours of culture, before the initiation of MIF production, suggesting

that the macrophages were acting on an early stage of lymphocyte activation.

We found that, in addition to inhibiting the production of MIF, the macrophages

also inhibited protein synthesis. Furthermore, kinetic experiments demon-

strated that the depression of the protein synthesis could be detected as early

as 5 hours after lymphocyte stimulation. Early events, taking place during the

first hour after stimulation and sensitive to inhibitors of protein synthesis,

appeared to be essential for the subsequent development of lymphoproliferative

responses.

In earlier studies we had found that the macrophage-mediated suppression

seen in spleen cell populations from MSV tumor-bearing mice could be partially

reversed if an inhibitor of prostaglandin synthesis, indomethacin, was added

to the assay. In addition, if low numbers of spleen cell populations from MSV-

tumor bearing mice with suppressor activity were added to cultures of normal

spleen cells plus mitogen, indomethacin could reverse much of the depression.

However, when larger numbers of suppressor cells were added, they were not

affected by the addition of indomethacin. In an attempt to further investigate

the role of prostaglandin in macrophage-mediated suppression, studies were

performed to examine the effect of indomethacin on the proliferation of normal

spleen cells in response to mitogen. Doses of indomethacin ranging from 0.01

to 1.0 yg/ml enhanced the response of normal spleen cells to mitogenic stimula-

tion. Our current hypothesis is that the macrophages are stimulated during the

culture to produce prostaglandins and that these in turn decrease the response

of the lymphocytes to the mitogen.

Suppressor cells have also been demonstrated in the spleens of BALB/c mice

bearing progressively growing mineral oil-induced plasmacytomas ADJ-PC5.

Lymphoproliferative responses of spleen cells to general T- and B-cell mito-

gens became depressed with progressive tumor growth. Correlation of splenic

macrophage concentrations with tumor size was demonstrated in ADJ-PC5 tumor-

bearing mice by esterase staining and the suppression was shown to be mediated

by adherent, esterase positive cells.

The depressed LP responses to PHA or in MLC of some patients with lung or

breast cancer have been found to be due to the presence of adherent or non-

adherent suppressor cells in the peripheral blood. Lack of LP reactivity of

some patients to autologous tumor extracts also could be attributed to the

presence of suppressor cells.
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II. Cell-Mediated Immunity Against Tumor Associated and other Antigen.

Studies have continued on T cell-mediated immunity in mice inoculated
with MSV. A secondary cytotoxic response can be generated in MSV-immune spleen
cells when they are stimulated in vitro with tumor cells that contain the

appropriate antigens. In addition, we have found that when Moloney murine
leukemia virus (M-MuLV) was used to stimulated MSV-immune spleen cells, high
levels of cytotoxicity were generated. In fact, in most experiments, the level
of cytotoxicity was similar to that obtained when intact tumor cells were
employed. The effector cells that were generated in both cases were T lympho-
cytes and had similar patterns of specificity. By employing a panel of differ-
ent viruses, it was determined that only ecotropic M-MuLV's could induce a

secondary cytotoxic response, whereas recombinants in the envelope region be-
tween M-MuLV and xenotropic viruses failed to induce a response. When the

virus was treated with UV light, there was a parallel loss in infectivity and
the ability to induce cytotoxicity indicating that infectious virus was re-
quired to generate a secondary response.

As a model for cellular immunity studies in lung cancer patients, indirect
migration inhibition reactivity against 3M KCl extract of MAD-109 lung adeno-
carcinoma and an unrelated plasmacytoma were run as a function of progressive
MAD-109 growth. MIF was consistently produced by syngeneic BALB/c mice bearing
15-20 mm (diameter) sized tumors, whereas mice with small or large local tumors
and metastases generally failed to respond to the extract of MAD-109. MIF was
not produced in the animals in response to the extract of the antigenically
unrelated plasmacytoma. The production of MIF with the MAF-109 extract was T

cell-dependent, as evidenced by lack of its production following treatment of
spleen cells from mice bearing 15-20 mm tumors with anti-Thy 1.2 and comple-
ment. In addition to depressed MIF production in response to MAD-109 extract,
lymphoproliferative response to T- and B-cell mitogens were also depressed in

mice bearing large tumors. However, spleen cells lacking responsiveness to

mitogens in lymphoproliferation assays, and to tumor extract in MIF assays,
were still capable of producing MIF following mitogen stimulation with Con-A or
LPS.

Mononuclear cells from approximately 50iK of lung cancer patients reacted
to a 3M KCl extract of lung adenocarcinoma and produced a soluble factor
(presumably leukocyte inhibitory factor) that inhibits migration of polymor-
phonuclear cells. We also observed a high incidence of reactivity against this
antigen by normal donors. When these normal donors were classified according
to contact with lung cancer patients or materials, 30/40 (75?) of normal
individuals in lung cancer contact were reactive as compared to only 3/76 (4?)

who had no contact with lung cancer (P< 0.001). Of donors involved in direct
care of lung cancer patients, 14/20 (70%) were positive, while only 2/10 (20$)
of hospital personnel who worked with non-cancer patients were reactive. A

total of 9/12 (7555) tests were positive with laboratory personnel who handled
blood and tissue specimens from lung cancer while 0/5 laboratory workers who
worked with cancer materials unrelated to lung were positive. Also, 0/13
personnel working in laboratories adjacent to those where lung cancer tests
were performed were reactive. No blood bank donors (0/16) or secretarial and
clerical staff (0/11) who work in biomedical laboratories were positive. The
results suggest a horizontal transmission of reactivity against antigens
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associated with lung cancer. Further, the individuals who were positive ap-

peared to have direct contact with lung cancer patients or materials.

Cellular inununity of patients with breast cancer or benign breast dis-

ease, against mouse mammary and feline kidney cell derived MTV and gp52, gp36,

p28, pi 4 and plO antigens of MTV, was measured by indirect migration inhibition

assays. Cultures of mononuclear cells with antigen were performed in conical

microfuge tubes (with 5 x 10 cells) and production of LIF was evaluated by

inhibition of migration of polymorphonuclear cells from agarose droplets. 50-

6056 of breast cancer pa^tier^s were reactive to all antigens, with supernatants

having LIF titers of 10 -10 . Patients with benign breast disease also reacted

with MTV (30-40?). Reactive supernatants were fractionated on Sephadex G-200

and the activity had a MW of 68,000, consistent with LIF. Results demonstrate

that some breast cancer and benign breast disease patients produce high titers

of LIF to MTV and gp52. The reactivity is not just directed against antigens

of normal mammary cells since feline kidney cell-MTV induce LIF. High titered

LIF production required monocytes (<_0.258) and seemed dependent on optimal

cell-cell contact in conical tubes. Unreactivity by patients could not be

attributed to blocking factors since trypsinization or extensive washing of

mononuclear cells before antigen exposure did not induce reactivity.

Patients' mononuclear cells contained Sephadex G-10 adherent suppressor cells

which may account for unresponsiveness of some breast cancer patients.

As models for future studies with tumor associated antigens and as basic

studies in cellular immunology, detailed investigations have been performed

with continued cultures of human T cells. Human cultured T cells (CTC) will

grow for 3-4 weeks in the presence of a mitogenic factor (MF) in conditioned
medium from pooled, allogeneic, PHA-stimulated peripheral blood mononuclear

cells (PBL). CTC possess many of the typical characteristics of isolated T

lymphocytes and allow detailed studies of human T cells that are uncontaiminat-

ed with other cell types. We have defined many of the conditions required for

production of MF by PBL from single donors.

Observations that MF was absorbed selectively by CTC and by activated T

cells have suggested an important model of T cell activation by mitogenic

lectins, which involves the cooperation of two subsets of T cells. Lectins

activate T producer (Tp) cells to produce MF, and they also activate T re-

sponder (Tr) cells to express a receptor for MF (first signal). Then, MF

provides the second signal to Tr cells, which is a requisite for entering

mitogenesis. The sequence of first and second signal is also a^requisite, and

our experiments showed that MF had no effects on T cells that had not been

previously activated. As a consequence, PHA-free MF was needed to obtain more

rigorous data on the model, and more importantly to selectively generate CTC

from specifically activated T cells. This was achieved using a porcine thyro-

globulin adsorbent technique.

We have studied various aspects of allogeneic reactivity of the CTC. The

CTC reacted in MLC; the CTC were polyclonally-activated cytotoxic T cells; and

CTC derived from MLC (MLC-CTC) maintained the cytotoxic specificity of the

initial MLC reaction. In addition, we demonstrated that MLC-CTC would maintain
their ability to proliferate specifically when stimulated with the relevant
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HLA-Dw antigens in the primed lymphocyte test. MF-treated MLC-primed lympho-
cytes proliferated as CTC, and when taken out of MF they could be restimulated
by allogeneic cells which bore the same HLA-Dw antigens as the original stimu-
lators. Thus, these CTC can serve in the future as useful reagents for
histocompatibility testing. For our purpose, they served as an excellent
indicator of the kind of cellular reagents that may eventually be induced with
human tumor cells as stimulators.

We have documented that CTC show proliferative and cytotoxic responses to
alloantigens, but not to unmodified self. CTC do not proliferate in response
to x-irradiated autologous PBL, and CTC which are spontaneously cytotoxic for a
variety of allogeneic target cells do not kill autologous PHA-blasts, Con A
blasts or CTC. Based on these findings, we have studied the reactivity of CTC
obtained from patients with infectious monomucleosis or acute myelogenous leu-
kemia. With infectious mononucleosis patients, cytotoxicity assays were done
using cryopreserved autologous and allogeneic B lymphoblastoid cell lines as
targets, in attempts to detect cell-mediated immunity of the CTC against EBV-
determined antigens on the cell lines. High levels of cytotoxicity were seen
against most of the target cells, and no clear cytotoxicity pattern emerged.

CTC from 3 patients with acute myelogenous leukemia were tested in cyto-
toxicity assays against a variety of target cells. We could demonstrate high
levels of cytotoxicity by all derived CTC cultures against autologous and
allogeneic myeloblasts, and against leukemia cell lines. Daudi, a lymphoblas-
toid cell line and the myeloid line K562 were subject to moderate killing, but
Raji, another lymphoblastoid line, was resistant. Autologous remission
lymphocytes and autologous CTC were not killed. Very low killing of allogeneic
PHA-blasts demonstrated that very little, if any, polyclonal activation took
place in this system. These experiments are encouraging and need to be pur-
sued.

A study was designed to determine whether IF could induce or boost release
of human lymphokine (LIF) by mononuclear cells exposed to antigen. Mononuclear
cells from tuberculin skin test negative individuals were incubated with PPD
for 2 hours with or without interferon, washed and then cultured for 24 hours.
In the absence of IF, none of 22 tuberculin skin test negative donors produced
LIF in response to PPD. In contrast, 18/25 (7255) released LIF following PPD
stimulation in the presence of IF. LIF was detectable after the exposure of
the cells from some individuals to as little as 33 units of IF and 100-333
units were sufficient with most of the other donors. .The stimulation of
release of LIF by IF was not limited to culture with PPD, since LIF was also
detected after exposure of mononuclear cells from normal donors in response to
IF plus a 3M KCl extract of lung adenocarcinoma. None of 30 donors reacted to
extract alone, but 13/30 (43?) released LIF in response to the extract plus IF.

These results demonstrate that low concentration of IF can induce the produc-
tion and/or release of lymphokine production in response to bacterial and tumor
associated antigens. It seems that IF facilitates the in vitro induction of
primary immune responses to various antigens.
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III. Immunochemical Studies of Tumor Associated Antigens and of Lympho-

kines.

We have continued our work on the biochemical and immunochemical studies

of a human lung tumor-associated antigen (hLTAA). Considerable emphasis has

been placed on refinement of the radioimmunoassay (RIA) for this substance and

the assessment of the diagnostic and/or prognostic value of this new assay in

human lung cancer. We have purified and physicochemically characterized this

hLTAA from two tumors and have shown them to be virtually identical. Previous

serologic data indicated its presence in 85? of all lung tumors and its absence

from normal lung and other tissues as well as fetal lung and normal adult

serum. The RIA which was developed was capable of distinguishing normal from

lung cancer sera but detected high levels of cross-reactivity in normal sera.

Recently we have identified the normal serum component responsible for

cross-reactivity as alpha-1-antichymotrypsin (a-ACT). This normal serum gly-

coprotein has been purified to homogeneity using gel filtration, ion-exchange

chromatography, dye-binding chromatography and preparative gel electrophor-

esis. In addition, a quantitative radial immunodiffusion assay has also been

developed for a^ACT. A similar quantitative assay has also been developed for

the hLTAA using our lung tumor antisera. Although less sensitive than the RIA,

the radial diffusion assay has the advantage that it is not interfered with by

the a. ACT and therefore measures only hLTAA.

We have recently made use of the radial diffusion assay for a^ACT in

conjunction with the RIA for hLTAA for quantitating these reactivities in

normal and pathologic sera. Whereas the RIA can discriminate normal from lung

cancer sera, a very high basal level in normal sera due to the cross-reacting
a ACT had to be tolerated. By simultaneously quantitating the sera with the

ot ACT radial diffusion assay as well as the RIA, the extent of inhibition in

the hLTAA measurement by RIA could be approximated by assessment of a^ACT

levels using the independent assay. Using this approach we found that patients

with cancers other than lung had varying degrees of elevations, relative to

normal sera, of a ACT which corresponded on a 1:1 basis with their hLTAA levels

by RIA. On the other hand, when this analysis was applied to lung cancer sera,

we found a significant proportion of individuals with high levels of hLTAA

reactivity and normal levels of a ACT, indicating that at least in some cases,

the high circulating levels detected by RIA were not entirely due to elevations

in a ACT.

With the knowledge of this immunogenically related serum protein and with

the new radial diffusion assays, we have detected a hLTAA distinct from a. ACT.

This new antigen is totally separated from a ACT by DEAE-cellulose chroma-

tography, and concentrated antigen preparations show no reactivity with anti-

sera to a, ACT. A new radioimmunoassay has been developed which is not inhibit-

ed by normal human serum except at very high concentration.

The other objective in our immunochemical studies has been the character-

ization of lymphokines involved in assays of cellular immunity. Studies were

performed with an indirect agarose microdroplet migration inhibition assay, to

maximize the production of LIF from peripheral blood mononuclear cells stimu-
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lated with PPD. Supernatants with titers of >10 -10 of LIF activity were
producted by culturin& mononuclear cells at high cell g. concentrations with
conical tubes (2 x 10 cells in 50cc tubes and 5 x 10 cells in Microfuge
tubes), whereas supernatants from round-bottom tubes containing low (5 x 10 )

or high (2 x 10- ) mononuclear cell numbers or those from 50cc conical tubes
with low C^ X 10 ) mononuclear cell numbers failed to produce LIF titers higher
than 4-10 . Generation of high titered LIF in conical tubes was dependent on
stimulation with antigen and only tuberculin skin test positive donors re-
sponded. Further, production of the highly active supernatants was shown to be
monocyte dependent, with abrogation of activity by Sephadex G-10 column deple-
tion of monocytes and restoration of activity with <_0.2^ autologous monocytes.
The mechanism underlying the ability to generate such remarkable high titers of
LIF activity by simple changes in culture conditions are not clear, but the
results point toward the importance of opitmal contact between responding
lymphocytes and monoctyes. Sephadex G-200 column fractionation of high titer-
ed supernatants revealed that the active fraction(s) had a molecular weight of
slightly less than 68,000 daltons, which is consistent with previous resorts
for LIF. Additional physicochemical studies Remonstrated that LIF^activity in
high titered superantants was blocked by 10~ M a-L fucose and 10~ M N-acetyl-
glucosamine, but not by 10~ M a-D fucose or glucose. The development of this
miniaturized method for production of supernatants with high titers of LIF
should facilitate quantitative assessment of cell-medicate immunity and
further physicochemical studies on LIF.

We have also pursued our studies on mouse migration inhibition factor (MIF).
Emphasis has been placed on the development of affinity techniques, using
monosaccharide adsorbents for isolating MIF activity in partially purified
forms. Using fucose-Sepharose affinity adsorbents we have been able to isolate
MIF activity which binds to the gel and is desorbed with fucose solutions.
After radiolabeling this bound and eluted fraction, the preparation shows
considerable heterogeneity on SDS and non-detergent acrylamide gels. Never-
theless, it is still possible to demonstrate significant binding (2-2455) of
this radiolabeled preparation to either mouse PEC or to a mouse macrophage cell
line, WEH1-3.

IV. Application of Immunological Procedures to Clinical Problems of
Cancer Patients.

The primary objective of LID is to develop and evaluate tests for their
possible application to clinical problems of cancer patients. During the past
year, we have had several encouraging results in this important area.

A sensitive double-antibody radioimmunoassay (RIA) for alpha-fetoprotein
(AFP) has been used to monitor the effectiveness of therapy in patients with
hepatocellular carcinoma at several collaborating institutions. The ability
to predict response to therapy by a fall in the serum AFP and recurrent tumor
by a rise in serum AFP has continued to be of significant clinical usefulness.
The use of quantitative serum AFP levels along with those of human chorionic
gonadotropin (HCG) have continued to provide an accurate assessment of the
effect of therapy in a high percentage of patients with testicular germ cell
neoplasms (non-seminoma) who have these two markers associated with their
tumors

.
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In a study of patients presenting with a variety of signs and/or symptoms
which suggested malignancy of the gastrointestinal tract, the levels of sever-
al tumor markers were evaluated for aid in making a diagnosis. Carcino-
embryonic antigen (CEA), CEA-S, AFP and HCG were all measured on serum taken at
the initial visit. In patients with pancreatic cancer, 76% of 17 had an
elevated marker while only 275^ of 22 patients with benign pancreatic disease
had an associated marker (all due to elevated CEA). Nineteen percent of the
pancreatic cancer patients had 2 simultaneous markers and 1255 had 3 while none
of the benign patients had more than a single marker. These studies indicate
the potential value of simultaneous markers as an aid in the diagnosis of
certain types of malignancy, with elevations in two or more markers being a
more accurate indicator of malignant disease.

For the past several years, patients with carcinoma of the lung have been
studied in regard to their cellular immune competence and their cell-mediated
immunity to lung cancer associated antigens. Many lung cancer patients, in
eluding 46^ of stage I patients, were found to have depressed lymphoprolifer-
ative (LP) responses to phytohemagglutinin (PHA) or in mixed leukocyte cul-
tures (MLC). We have recently analyzed whether LP responses of postoperative
stage I patients could help to identify patients at high risk of developing
recurrent disease. Depressed LP responses in MLC, as measured by the relative
proliferation index, were associated with a significantly shorter disease-free
interval. In this group of patients, the LP responses in MLC predicted subse-
quent clinical course better than the TNM classification or the histologic type
of the tumor, and therefore this procedure appears promising for improved
staging of patients with early stages of lung cancer.

We have continued our collaborative randomized controlled immunotherapy
trial on stage I lung cancer patients comparing postoperative adjuvant therapy
with BCG with no further therapy. The patients receiving immunotherapy have
continued to have a significantly longer disease-free interval. Approximately
one year ago we initiated a protocol to carefully examine the effects of BCG
and C. parvum on NK, ADCC, and monocyte-mediated cytostasis and cytolysis. In
addition, the effects on rosette levels and LP responses have also been examin-
ed. Most patients tested thus far have shown clear and often dramatic changes
in several of the immune parameters. The patterns of responses to BCG have
been rather analogous to those seen in our murine experiments with pyran, with
the direction of change being mainly dependent on the baseline levels. Among
patients with depressed pretherapy values in LP responses to PHA or MLC,
rosettes, monocyte-mediated cytostasis, or NK activity, signifrcant increases
were usually observed within 1-5 days. In contrast, among patients with normal
or elevated baseline test values, BCG produced either no change or a signifi-
cant decrease in activity. The responses of patients to C. parvum have thus
far been more homogeneous, with most showing increased monocyte-mediated cyto-
static activity at 5-7 days, accompanied by a significant depression in LP
responses in MLC. It is quite encouraging that significant effects are being
detected in most of the patients on this protocol and current efforts are being
directed toward further analysis of the data and studies on the possible
mechanisms underlying the observed effects.

For the past several years, patients with operable breast cancer were
evaluated during the first several months after surgery, to determine their
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general immunologic competence and their reactivity to tumor associated anti-
gens. Lymphoproliferative (LP) responses to PHA, to alloantigens in MLC, and
to tumor associated antigens in antologous tumor extracts were measured. Pro-
duction of LIF during cultures with autologous tumor extracts was also evaluat-
ed. We have recently analyzed the correlation between reactivity in each of
these assays with the subsequent clinical course of the patients. Depressed LP

responses to PHA were frequently seen in patients after surgery but depression
was not correlated with prognosis. In contrast, and rather unexpectedly,
patients with depressed responses in MLC were found to remain disease-free
significantly longer than breast cancer patients with normal or above normal
responses. LP reactivity to antologous tumor extracts was associated with a

significantly lower rate of recurrence. When results of LP in MLC and to tumor
antigens were combined the prognostic value was increased. Most recurrences
occurred among patients who were unreactive against tumor antigens and yet had
normal or elevated responses in MLC. Production of LIF in response to auto-
logous tumor antigen had a higher incidence of recurrence and when this para-
meter was added to the two LP parameters, even better prognostic discrimination
was provided.
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Project Description:

Objectives : The objectives of this project are: 1) To study natural
cell-mediated immunity to tumors in rodents and in man, and to determine the
characteristics of the effector cells, the factors regulating the levels of
activity and the role in resistance against tumor growth; 2) to analyze the
role of various lymphoid cell subpopulations in the immune response, and in the
suppression of the immune response, to tumor antigens; 3) to evaluate the
cellular immune responses of lung cancer patients and the correlation between
immune parameters and clinical course of disease; and 4) to investigate the
effects of immunotherapeutic manipulations on the immune reactivity of cancer
patients.

Major findings :

I. Natural Cell-Mediated Immunity Against Tumor Cells

We have continued to perform extensive studies on natural cell-mediated
immunity against tumor cells. During the past year, our studies have focused
primarily on the following areas: a) Factors and agents affecting the levels
of cytotoxic activity; b) the specificity of NK cells; c) the characteristics
of NK cells; d) the relationship between NK cells and K cells mediating anti-
body-dependent cell-mediated cytotoxicity; and e) the relationship of NK ac-
tivity to in vivo resistance against tumor growth. In addition, studies have
been performed on the cytotoxic activity of monocytes and granulocytes from
normal donors.

In last year's report, we summarized the evidence that interferon played a
central role in augmenting the cytotoxic activity of NK cells. Detailed
studies on the role of interferon (IF) and interferon inducers in boosting NK
activity have continued. We have been particularly concerned with the mechan-
ism of the effect of IF on NK cells and whether stimulation by IF could account
for all instances of augmentation of NK activity and further, whether IF was
responsible for the spontaneous activation in vivo of NK cells. In our initial
studies on augmentation of NK activity in mice, inoculation of tumor cells as
well as viruses and other known IF inducers were found to boost activity. The
ability of inoculated cells to boost activity correlated with sensitivity to
lysis by NK cells, and it therefore appeared that this boosting was a result of
specific response of NK cells to relevant antigens. Since IF appeared to
mediate most other instances of boosting of NK activity, it was of interest to
determine whether the tumor cell boosting was associated with induction of IF.

Indeed, it was found that NK sensitive target cells, that were able to augment
NK activity within 1-3 days after inoculation, induced high levels of circulat-
ing IF and the time course of IF induction paralleled the boost in NK activity.
The tumor-induced IF had somewhat different characteristics from virus-induced
IF, since it was completely inactivated at pH 2. However, the tumor-induced IF
was also completely neutralized by antibodies to type I IF. Therefore, the
tumor-induced IF has some features of both type I and of type II or immune IF.
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Recent studies with human NK cells have provided further documentation
that IF is indeed responsible for the boosting of NK activity. Pretreatment of

the cells with ouabain, previously shown to block binding of IF to cells,

completely inhibited boosting. More direct and conclusive evidence has come

from studies with a completely purified, homogeneous, IF preparation derived

from fibroblasts. The purified protein was able to appreciably boost IF

activity, even with only 10 units of anti-viral activity.

To determine the relationship between the mechanism of NK boosting by IF

and the mechanism of induction by IF of viral resistance, and to gain some

insight into the similarities between spontaneous and boosted NK activities, a

series of studies have been done to examine the effects of anti-IF and of

metabolic inhibitors on spontaneous mouse and human NK activity and on boosting

of NK activity. The spontaneous activity of mouse NK cells was not affected by

anti-IF or by inhibitors of DNA, RNA or protein synthesis. In contrast, in

vitro boosting of NK activity by IF was completely inhibited by anti-IF and was

also blocked by pretreatment with RNA and protein synthesis inhibitors. When

cells were first boosted and then exposed to metabolic inhibitors, the boosted

activity became resistant to depression by an RNA synthesis inhibitor after 5-8

hrs and by protein synthesis inhibitors after about 24 hrs. Thus, after

exposure to IF, activation of NK cells appears to depend on new RNA synthesis

for a period of several hrs and on synthesis of protein for a longer period.

Thereafter the activity appears to be stable and independent of further produc-

tion of RNA or protein. These results are completely compatible with the

mechanism of induction of the anti-viral state by IF. In a comparable series

of experiments with human NK cells, very similar results were obtained with

regard to boosting by IF. Development of increased activity was blocked by

anti-IF and by RNA and protein synthesis inhibitors, but not by inhibitors of

DNA synthesis. As with mouse cells, when treatment with the RNA synthesis

inhibitor was delayed until 6-8 hrs after exposure to IF, the boosting of NK

activity was no longer reversed. Several of the effects of treatments on

spontaneous human NK activity were different from those observed in the murine

studies. Inhibition of DNA synthesis did jiot immediately effect NK activity,

but if after treatment and before testing the cells were incubated for 18 hrs

at 37° the activity was much reduced. Since full reactivity could be restored

by treatment with IF, these data suggest that the persistence of human NK

activity _in vitro at 37 is dependent on continued production of IF by a

proliferating subpopulation of cells. Two different anti-IF preparations con-

sistently reduced the spontaneous NK activity of human cells. This also raised

the possibility that spontaneous human NK activity was dependent to some extent

on IF production during the assay or on recent exposure to IF in vivo. More

consistent with the latter possibility was the finding that inhibition of RNA

synthesis did not affect spontaneous NK activity but protein synthesis inhibi-

tors markedly reduced activity. Our current hyppthesis is that human NK

activity remains rather stable in most individuals for years because of contin-

uous production of some IF in vivo , with consequent maintained activation of NK

cells.

Recent studies on stimulation of NK activity in mice by pyran copolymer

have provided some unexpected results that may lead to better insight into
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factors regulating the levels of NK activity. When mice greater than 12 weeks
of age, with low spontaneous NK activity, were injected with pyran, high NK
activity developed in the spleen and peritoneal cavity within 3 days and then
declined to baseline levels by day 7. In contrast, when young mice with high
NK activity were given pyran, no boosting was seen in the spleen and after 5-7
days NK activity became much depressed below that of untreated mice. This
depression has been found to be due to the generation of adherent suppressor
cells in the spleen that, upon mixture with NK cells from young mice, inhibited
their cytotoxic activity. In contrast to these findings in the spleens of
young mice, peritoneal cells, which have low spontaneous NK activity, were
boosted by the ip inoculation of pyran. This has led to the hypothesis that
the same agent can induce either augmentation or suppression of NK activity,
depending on the spontaneous level of reactivity. When baseline activity is
low, treatment will usually result in boosting, whereas when the baseline
activity is high, suppression is a more likely result. Preliminary studies
have supported this possibility and further experiments are currently being
pursued.

In studies on the effects of chemotherapeutic agents on NK cells in mice,
it was found that adriamycin produced effects similar to that of pyran. After
inocutlation of pyran, the peritoneal cells of young mice and both the perito-
neal and spleen cells of older mice developed augmentated NK activity. In
contrast, splenic NK activity in young mice became depressed at 3 days after
adriamycin treatment. This appeared to be due to suppression by macrophages,
which were shown to be activated in an assay of cytostosis of tumor cells.
Thus, in addition to providing information similar to pyran in regard to
regulation of NK activity, this study indicates that some chemotherapeutic
agents can lead to stimulation of NK cells and macrophages.

The possible specificity of NK cells for certain target cells has remained
a difficult and controversial question. We have performed two recent projects
in this area. In the first, the reactivity of NK cells from mice, rats, and
humans against heterologous targets was examined. Human NK cells were essenti-
ally unreactive against mouse and rat target cells that were very sensitive to
lysis by NK cells of the homologous species. Mouse and rat NK cells reacted to
some extent against heterologous target cells but the degree of sensitivity of
a target cell to heterologous NK activity appeared unrelated to its sensivitiy
to lysis by homologous NK cells. These data pointed toward some heterogeneity
in the target cell structure recognized by NK cells, but with some species
restriction to the reactions. The question of specificity of human NK cells
has recently been addressed by selective adsorption of NK cells onto monolayers
of various target cells. It has been possible to remove almost all activity
against the target cell used for depletion and leave behind appreciable activ-
ity against some other target cells. This approach appears to be providing
direct evidence for some heterogeneity of human NK cells. Further studies in
this area may resolve the questions of the clonality of NK cells and the range
of antigens that can be recognized.

Studies have continued on the characteristics of NK cells. Studies indi-
cating that mouse NK cells have Thy 1 antigens and that human cytotoxic cells
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developing upon in vitro incubation have similar characteristics as NK cells

are summarized in other individual reports (Z01 CB 08517-04 LID and Z01 CB

08500-05 LID). Studies on the in vitro lability of mouse NK cells have been
performed. It has been possible to develop conditions for the usual mainten-
ance of activity for 24-28 hrs at 37 but in occasional experiments performed
under apparently the same condition, lability was still seen. Although the

exact explanation for this variable lability remains unclear, it appears that

some factor involved in the incubation process (? variation in % CO- in atmos-
phere) is responsible. Rodent and human NK cells have also been round to be

quite sensitive to brief treatment with ammonium chloride solutions, widely
used to selectively remove erythrocytes from lymphoid cell suspensions. Pro-

cedures have been developed to lyse erythrocytes and yet perserve most NK

activity.

Since mouse and human NK cells have been shown to bear some T cell

associated markers, it has been of interest to determine whether rat NK cells
also bear T cell markers. In preliminary studies with NK, cells of F344 rats,

treatment with alloantisera to ART specificities 1 and 2 have been found to

cause a partial but consistant decrease in NK activity. In contrast, although
Thy 1.1 antigen is present on some rat T cells, treatment with monoclonal
antibodies to Thy 1.1 had no effect on rat NK activity. Thus in the rat as well
as in the mouse and human, at least a portion of the NK cells appear to bear
some T cell associated markers.

There have been several studies suggesting some close relationship be-
tween NK activity and ADCC. We have recently obtained two lines of evidence
that human NK activity and ADCC are mediated by the same effector cells,

although apparently by different mechanisms. Cold target inhibition of NK

activity was accompanied by simultaneous inhibition of ADCC; target cells
sensitive to NK activity were able to specifically inhibit an ADCC assay.
Furthermore, specific removal of NK cells on monolayers formed by target cells

sensitive to NK activity caused simultaneous depletion of ADCC effector cells.

In association with the removal on the monolayers of effector cells for ADCC as

well as NK activity, we also found a significant depletion of cells bearing Fc

receptors for IgG.

The possible role of NK cells in in vivo resistance to tumors is a very
important issue and we have continued to perform studies, in.the area. In

collaboration with investigators at the University of Perugia, we have been
correlating our findings regarding mouse NK activity with rapid in vivo clear-
ance of intravenously inoculated radiolabeled tumor cells. When mice with
different levels of NK activity (related to strain, age, or treatment) were
compared, the animals with higher NK activity were found to have higher clear-

ance of radioactivity from their lungs, spleen and liver. This correlation was
found in a wide variety of situations and for some solid tumor cell lines as

well as for lymphomas. After injection with IF inducers, increased clearance
was seen at the same time as boosting of NK activity and prior to the time when
macrophage activation was detectable. Furthermore, inoculation of IF itself
led to a rapid increase in the ability of mice to clear injected tumor cells.

Various treatments that depressed NK activity (cyclophosphamide, silica,

565



Z01 CB 05557-11 LID

estradiol) also interfered with in vivo clearance. The clearance of labeled
tumor cells from the lungs correlated particularly well with the levels of NK
activity in the spleen. To account for this, it seemed likely that NK cells
were present in the lungs and thereby immediately available to interact with
the inoculated tumor cells. To explore this possibility, cell suspensions were
prepared from lung tissues and tested for NK activity. The cells from the
lungs had NK activity comparable to that in the spleen. Thus, NK cells appear
to play a major role in the rapid in vivo clearance of tumor cells, and it seems
likely that NK cells are a primary defense mechanism against metastasis and
possibly also primary tumor growth.

To obtain more insight into the possible role of NK cells in resistance
against primary tumors, we have examined MSV-induced tumors and spontaneous
mammary tumors in mice for the presence of NK cells in situ . The levels of NK
activity in MSV-induced tumors have appeared to parallel the levels in the
spleen. The highest NK activity has been observed in tumors of 5-8 week old
CBA mice,- which have high splenic NK activity, and in older mice (>10 weeks)
with low systemic activity, only low levels have been detected in the tumors.
Removal of adherent cells and incubation with interferon caused a modest in-
crease in the cytotoxicity by cells from the tumors. In contrast to the
findings of NK activity in MSV-induced tumors, no NK activity was detected in
any of 29 human carcinomas and neuroblastomas (see report ZOl CB 08500-05 LID).
Since MSV-induced tumors and human tumors gave divergent results, it seemed
possible that the virus-induced regressing tumors with short latent period
were not an appropriate model for spontaneous human carcinomas and other
tumors, which undoubtedly had been present for long periods of time and already
had grown to rather large size. We have therefore examined some spontaneous
mammary adenocarcinomas in C3H mice. Our preliminary results have indicated
that NK activity was more readily detected in small primary tumors than in
advanced lesions. Larger tumors in this system may more closely resemble human
tumors and further stuidies with this model may provide better insights into
the role of NK cells in human tumors.

In addition to NK cells, we obtained recent evidence that monocytes and
granulocytes from normal individuals also have cytotoxic reactivity against
tumor cells. Monocytes isolated from the peripheral blood of normal human
donors or mice displayed appreciable cytolytic activity against some target
cells when tested in a 48-72 hr H-thymidine release assay. -There was no
species restriction in regard to target cell sensitivity, but high activity was
seen only against transformed cell lines, and untransformed cells had little or
no sensitivity to lysis. Granulocytes from normal human donors had no detec-
able cytolytic activity, even after 72 hrs of Incubation. However, they did
produce marked cytostasis within 24 hrs of culture with a wide variety of
target cells. The range of cytotoxic activity of the granulocytes was wider
than that of either NK cells or monocytes, with even some untransformed adher-
ent cell lines inhibited to a significant extent. There was evidence that the
cytostasis by granulocytes was mediated by two different mechanisms, with a

role of hydrogen peroxide, inhibitable by addition of catalase, with one cell
line but not with others that were tested.
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In addition to its effects on NK cells, IF appears to be able to augment

the cytolytic activity of human monocytes. When IF was present during the

assay, the activity of monocytes from most donors was appreciably increased.

Preincubation of the monocytes with IF for 18 hrs resulted in a lower but still

significant increase in activity and preincubation for just 1 hr had only

minimal effects. This is in contrast to the observations with NK cells, in

which preincubation for only a few minutes resulted in close to optimal boost-

ing. We have also studied whether lymphokines other than IF could also augment

monocyte-mediated cytolytic activity. Supernatants from cultures of peripher-

al blood mononuclear cells with C. granulosum had low or undetectable levels of

IF but did contain migration inhibitory factors (MIF), active against mouse

peritoneal macrophages and human monocytes. These supernatants have also

induced appreciable boosting of cytolysis by monocytes. In preliminary exper-

iments, it appears that these and other lymphokine-containing supernatants can

also augment the cytostatic activity of human granulocytes.

II. Cellular Immune Reactions to Tumors in Rats

Studies of immunity of rats to Gross virus-induced lymphomas in rats have

continued. The principal focus of the current studies is to determine the T

cell subpopulations involved in anti-tumor immunity. T cells were previously

shown to be required for cell-mediated cytotoxicity and lymphoproliferative

responses to tumor cells and for adoptive transfer of resistance to tumor

challenge. The subpopulations of T cells responsible for each of these activi-

ties are being investigated with the use of alloantibodies to ART antigens and

a monoclonal antibody to Thy 1.1. The tests performed thus far indicate that

the highly cytotoxic effector cells generated in an in vitro secondary response

lack Thy 1.1 and ART 2 antigens. Studies with other antibodies and other

immune functions are in progress.

III. Cellular Immune Reactions in Patients with Lung Cancer

For the past several years, patients with carcinoma of the lung have been

studied in regard to their cellular immune competence and their cell-mediated

immunity to lung cancer associated antigens. Many lung cancer patients, in-

cluding k6% of stage I patients, were found to have depressed lymphoprolifer-

ative (LP) responses to phytohemagglutinin (PHA) or in mixed leukocyte cul-

tures (MLC). We have recently analyzed whether LP responses of .postoperative

stage I patients could help to identify patients at high risk of developing

recurrent disease. Depressed LP responses in MLC, as measured by the relative

proliferation index, were associated with a significantly shorter disease-free

interval. In this group of patients, the LP responses in MLC predicted subse-

quent clinical course better than the TNM classification or the histologic type

of the tumor, and therefore this procedure appears promising for improved

staging of patients with early stages of lung cancer. In contrast to the MLC

data, LP responses to PHA were not a significant discriminator of prognosis and

when these data were combined with the MLC data they did not increase the

degree of discrimination.
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The depressed LP responses to PHA or in MLC of some patients have been
found to be due to the presence of adherent or nonadherent suppressor cells in

the peripheral blood. Lack of LP reactivity of some patients to autologous
tumor extracts also could be attributed to the presence of suppressor cells.

Many of the lung cancer patients were also found to have increased mono-
cyte-mediated cytostasis of target cells, in a H-TdR uptake assay. This
increased cytostatic activity was often accompanied by decreased cytolytic
activity by monocytes. This pattern of reactivity was found mainly in patients
receiving immunotherapy with BCG. Studies are in progress to attempt to

determine the mechanism for this paradoxical dissociation between the two
monocyte cytotoxicity assays.

IV. Effects of Immunotherapy on Immune Reactivity of Cancer Patients

We have continued our collaborative randomized controlled immunotherapy
trial on stage I lung cancer patients comparing postoperative adjuvant therapy
with BCG with no further therapy. The patients receiving immunotherapy have
continued to have a significantly longer disease-free interval. These
patients have been monitored immunologically, in attempts to determine the
effects of BCG on the immune system that might account for the clinical bene-
fits. The BCG therapy was not found to increase LP responses or T cell levels
in patients with initial depression and did not appear to induce or augment
anti-tumor reactivity, as measured by LP or migration inhibition assays. Be

cause of these essentially negative results, and increasing information in

experimental animal systems on possible mechanisms for the activity of BCG or

Corynebacterium parvum (C. parvum) , approximately one year ago we initiated a

protocol to carefully examine the effects of BCG and C. parvum on NK, ADCC,

and monocyte-mediated cytostasis and cytolysis. In addition, the effects on

rosette levels and LP responses have also been examined. To start with a good
baseline for each parameter, 3 samples of blood have been obtained during the

week prior to therapy. Because of the early kinetics of the effects seen in

animals, 3 blood samples are taken during the first week post-therapy and

weekly samples for the next 2 weeks. Most patients tested thus far have shown
clear and often dramatic changes in several of the immune parameters. The

patterns of responses to BCG have been rather analogous to those seen in our
murine experiments with pyran, with the direction of change being mainly de-
pendent on the baseline levels. Among patients with depressed- pretherapy
values in LP responses to PHA or MLC, rosettes, monocyte-mediated cytostasis,
or NK activity, significant increases were usually observed within 1-5 days.

In contrast, among patients with normal or elevated baseline test values, BCG
produced either no change or a significant decrease in activity. The responses
of patients to C. parvum have thus far been more homogeneous, with most showing
increased monocyte-mediated cytostatic activity at 5-7 days, accompanied by a

significant depression in LP responses in MLC. It is quite encouraging that

significant effects are being detected in most of the patients on this protocol
and current efforts are being directed toward further analysis of the data and

studies on the possible mechanisms underlying the observed effects.
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Significance to Biomedical Research and the Program of the Institute ;

Natural cell-mediated immunity may play an important role in immune sur-
veillance against tumors. Understanding of this phenomenon and demonstration
of its in vivo significance in mice should be very useful for the understanding
of the significance of human natural cell-mediated immunity, which seems to be
mediated by the same or very similar types of effector cells. Findings in our
laboratory that IF can augment the activity of NK cells and of monocytes
provides an important new mechanism for potential therapeutic effects by this
agent and these studies may help to design more rational protocols for therapy
of cancer patients.

Detection of tumor antigens and of immune reactions to tumor-associated
antigens is essential for progress in tumor immunology. The sensitive assays
of cell-mediated and humoral immunity which have been developed in this labora-
tory have already proved useful in studying the immune response to animal and
human tumors.

The ability of our laboratory to perform multiple assays of cell-mediated
immunity to tumor antigens, and to characterize the effector cells, should
allow detailed dissection of the role of the immune reponses in limiting or

preventing tumor growth. These assays may also be useful in immunodiagnosis of
cancer and in measuring changes in immunity, in presonse to chemotherapy or

immunotherapy.

Detection of depressed cellular immunity in cancer patients, and deter-
mination of the underlying mechanisms, should lead to better understanding of
the interaction between tumors and the host and may lead to strategies to

overcome or reverse these deficits. In addition, our data indicate that the

detection of depressed LP responses in MLC of stage I lung cancer patients is

of significant prognostic value and this procedure should help to identify
patients at high risk of developing recurrent disease, who would be likely
candidates for adjuvant therapy.

Immunotherapy of lung cancer and of some other human tumors has already
been shown to have some, albeit limited, clinical benefit. Better understand-
ing of the effects of immunotherapy on the immune system should lead to the

rational development of more optimally designed therapeutic trials.

Proposed Course of Project :

Extensive studies on natural cell-mediated immunity against tumors will

be continued. Our efforts will be directed mainly toward: a) Detailed studies
on the ontogeny of NK cells, their specificity, and the mechanism of their

interaction with target cells and of their activation by IF. The ontogeny of
NK cells will be examined by in vitro studies of the development of active
cells from precursors, and of the factors and cells required for this develop-
ment. Specificity will be examined mainly by continued studies of selective
adsorption of NK cells on monolayers of various target cells, with subsequent
tests of the pattern of reactivity of unadsorbed and adsorbed cells. Conjugate
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formation between NK cells and target cells will be examined, which should help
to determine the nature of the interactions and whether IF increases the number
of interacting cells or the efficiency of interaction of NK cells, b) Further
detailed studies on the factors regulating the activity of NK cells and other
natural effector cells. These would include examination of the factors influ-
encing sensitivity of effector cells to boosting by IF and other lymphokines,
and susceptibility to depression of activity by suppresor cells or inhibitory
materials, c) Continued evaluation of the role of NK cells and other natural
effector cells in in vivo resistance against tumor growth. Efforts will be
made to extend our current observations with transplantable lymphomas to the
role of these effector cells in resistance against primary and metastatic
growth of solid tumors, particularly newly arising carcinogen-induced and
spontaneous tumors.

Studies on cellular immunity of rats to Gross virus-induced lymphomas
will be continued. The main emphasis will be on characterization of the
subpopulations of T cells involved in in vitro immune reactions ind in in vivo
resistance against tumor growth.

Immunologic monitoring of patients with lung cancer will be continued.
Efforts will be made to confirm, in a larger prospective series of patients,
our observations on the prognostic value of postoperative depressed LP re-
sponses in MLC and to explore in more detail the mechanisms responsible for the
depression and the divergence between the predictive value of MLC and PHA
tests. Our accummulated data on cellular immune responses, in LP assays and
migration inhibition assays, to tumor associated antigens will be analyzed in
regard to their possible prognostic value or correlations with clinical para-
meters.

Detailed studies on the effects of BCG and C. parvum on the immune system
will be continued. Emphasis will be placed on developing schedules of admini-
stration that would result in optimal and sustained augmentation of cytotox-
icity by NK cells and monocytes. Studies will also be performed to determine
the mechanism for BCG-induced depression of these activities that we have
observed in some patients. We will soon initiate similar immunologic monitor-
ing in collaborative studies on cancer patients receiving therapy with IF, poly
I:C

, or preparations of human thymosin.
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Project Description:

Objectives :

I. Introduction

Until December 31, 1978, this group had responsibility for most aspects
of clinical research at the Laboratory of Immunodiagnosis. This included
work in the areas of immunodiagnosis, immunotherapy and immunological
monitoring, as well as a program of basic research on human cell-mediated
immunity (see last year's report). However, much progress had been made
since mid-1977 in basic studies on continued cultures of human T cells and
their use for studies of various aspects of cell-mediated immunity in man.
Therefore, our recent efforts have been focussed on studies related to
cultured T cells (CTC) . Most of the other clinically related research is
described in another report ZOl CB 05557-11.

II. Studies on Continued Cultures of Human T Cells:

The goals of these studies have been: a) to get a better insight into
the fundamentals of T lymphocyte biology and activation, and b) to obtain a
panel of T cell reagents that would detect human tumor-associated antigens
(TAA) , particularly in lung and breast cancer, and that could be used as
immunodiagnostic tools, and also possibly as immunotherapeutic agents. The
possibility exists also that the mitogenic factor (MF) that allows continued
cultures of T cells could be useful in immunotherapy.

Regarding the biology of T cell activation, we needed information on the
production of MF-containing conditioned media, on separation of MF from
contaminating phytohemagglutinin (PHA) , on the proliferative responses of

CTC to MF or PHA, and on absorption of MF hy CTC and other activated T cells,
as outlined in the Result section.

Regarding preparation of T cell reagents with specificity against
certain antigens, our main approach during the period under review was to

use allogeneic models, particularly the mixed lymphocyte culture (MLC) to

study maintenance of specific cytotoxic reactions in the cell-mediated
lympholysis (CML) assay, and of specific proliferative responses in the
primed lymphocyte test (PLT) . We also decided to perform preliminary
experiments in two different autologous systems, one being infectious
mononucleosis (IM) and the other acute myelogenous leukemia (AML) . All
these studies should help us to gain the needed expertise to initiate soon
similar studies in solid human tumors, particularly lung and breast cancers.

III. Studies on Subpopulations of Human T Cells

One of the potential uses of CTC is the development of subpopulations of

human T cells, and reagents capable of reacting with them. Better knowledge
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of T cell subpopulations in general, and of those T cells that may react to
TAA, is absolutely needed for the work done with CTC by this group. We have
improved our understanding of T cell activation by showing that proliferative
T cell responses to lectins (and antigens) occurred in two steps, one being
the production of MF by T producer cells (Tp) , and the other being the
response to MF by T responder cells (Tr) . We have obtained evidence that Tr
are T cells with a variety of functions and probably represent several T cell
subpopulations. To sort out this complexity, one would need to use cloning
techniques and possibly to develop human T cell hybrids. Isolated Tr types
may be characterized by their function, the production of a particular
lymphokine, or by characteristic cell surface markers, e.g. those detected
by heterologous antibodies to T cell subpopulations. The Tp cells appear,
for the moment, to be less heterogeneous and they might possibly hybridize
with human T cell line: this would represent a possible convenient source
of the much-needed MF.

IV. Clinically-Oriented Studies

Besides our model studies pertaining to IM and AML, we have a long-term
goal to develop cellular reagents against human TAA in lung and breast
cancer, using the CTC techniques. However, during the past year our
emphasis has been on obtaining the information needed for initiation of such
studies, by performing experiments in model systems.

Major Findings

I. Biological Studies on Continued Cultures of Human T Cells

1. Conditions for the Generation of the Needed Mitogenic Factor :

Human cultured T cells (CTC) will grow for 3-4 weeks in the presence of
10-20% of a 4-fold concentrated, commercially available conditioned medium
from pooled, allogeneic, PHA-stimulated PBL. CTC possess many of the
typical characteristics of isolated T lymphocytes. CTC allow detailed
studies of human T cells that are uncontaminated with other cell types.
Obtaining large numbers of cells is extremely dependent on very effective
conditioned media, such as the ones currently provided by the commercial
laboratory. We have studied further the conditions required for production
of MF by PBL from single donors. (Various preparations of MF were assayed
in serial dilutions by 3 day long stimulation of 3rd passage, 14 day old
CTC (10 ) in microtiter wells, followed by a 4 hr HTdR pulse). We found
that individual donors were very consistent with respect to their production
of MF, when tested on several occasions. However, different donors varied
greatly, and only a minority of donors were suitable for production of MF
of sufficient quality at the concentrations used to allow for continued growth
of CTC. This variability may account for the failure of several other
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investigators to generate active conditioned media. We also found that the

addition of 2 x 10 /cells ml from a B lymphoblastoid cell line greatly

increased levels of MF activity generated by PBL mixed with PHA during

cultures for 48 hr. The reasons for this are unknown, but the practical
consequences have been important, allowing several laboratories to start

successful work on CTC. This work has been summarized and is in press.

2. Removal of PHA from MF-containing Conditioned Media ; The need for

PHA-free MF resulted first from the need to better document our new model of

T cell activation, and second from the need to selectively stimulate the

growth of specifically activated T cells. Our data have suggested an

important model of T cell activation by mitogenic lectins, which involves

the cooperation of two subsets of T cells. Lectins activate Tp cells to

produce MF, and they also activate Tr cells to express a receptor for MF

(first signal). Then, MF provides the second signal to Tr cells, which is a

requisite for entering mitogenesis. The sequence of first and second signal

is also a requisite, and our experiments showed that MF had no effects on

T cells that had not been previously activated. As a consequence, PHA-free

MF was needed to obtain more rigorous data on the model, and more importantly

to selectively generate CTC from specifically activated T cells.

Preliminary experiments had shown that only PHA, as opposed to Con A
or MLC reactions, was able to generate good levels of MF activity. Therefore

we decided to learn how to get rid of most of the PHA in conditioned media.

This was achieved using a porcine thyroglobulin adsorbent technique. We were

able to scale down this technique for the removal of microgram concentrations

of PHA from fresh or conditioned medium. Our studies with radiolabeled

PHA-tracers (E-PHA and L-PHA) showed that two to three cycles of 4 hr

incubations of conditioned medium with an equal volume of thyroglobulin-

coupled Sepharose-gel resulted in a 10 to 10 reduction of the PHA

concentration. Some loss of MF activity was observed, which was similar

with the thyroglobulin-coupled gels, or with the control plain Sepharose

gels. This was in the order of 10-15% per incubation. Still, highly active

material, sufficiently deprived of PHA was prepared by this procedure and

allowed us to confirm our prediction that only CTC, but not unactivated PBL

respond to MF. The reverse was true for responses to PHA. A very low level

of PBL proliferation with MF, which could eventually lead to the development

of CTC suggests that PBL may contain some activated T cells, detectable by

this technique.

Essentially similar results were obtained with semi-purified materials

from Dr. Gallo's group at NCI. This MF was prepared by treating culture

supernates with 50-70% ammonium sulfate, running the precipate on DEAE ion

exchange chromatography and then the active fractions were further separated

on an Ultragel column. This preparation has been reported to contain less than
10~ of the original PHA. We have used these materials to boost growth of

"activated T cells" which we hoped were present in the PBL of patients with

IM or AML (see below).
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3. Absorption of MF on Tr Cells: We reported last year that
lectin-activated PBL (Tr cells) were able to absorb MF. These experiments
were completed and summarized for publication, together with a more complete
discussion of our model of T cell activation. These results have been
confirmed in mice and man by Smith _et al.

4. Suppressor Activity of the CTC : The work on suppression of

proliferative responses to Con A, PHA, and in allogeneic MLC was completed
and is in press. One possibility is that CTC represent a source of suppressor
T cells, as well as of T cells with other functions. However, since CTC
absorb MF (see 3 above) , we have also suggested that competition for the
available MF may be the cause for suppression. Smith £t^ al_. have repeated
these experiments in mice and have extended the study by measurements of MF
activity in the cultures. They found a good correlation between suppressed
proliferation and low levels of MF caused by MF absorption on CTC.

5. Allogeneic Reactivity of the CTC : Last year we had studied three
aspects of allogeneic reactivity of the CTC: a) The CTC reacted in MLC;
b) The CTC were polyclonally-activated cytotoxic T cells; and c) CTC derived
from MLC (MLC-CTC) maintained the cytotoxic specificity of the initial MLC
reaction. This year, we were concerned further with the specificity of the
cytotoxic reactions mediated by MLC-CTC, when compared to that of CTC which
had never been in MLC. We found that the importance of the latter
phenomenon depended on the batch of conditioned medium, with some giving high
levels of spontaneous cytotoxicity, while others did not.

In addition to the above studies, we conducted a study to see if

MLC-CTC would maintain their ability to proliferate specifically when
stimulated with the relevant HLA-Dw antigens in the PLT. HLA-D homozygous
cells were used as responders and stimulators. MF-treated MLC-primed
lymphocytes proliferated as CTC, and when taken out of MF they could be
restimulated by allogeneic cells which bore the same HLA-Dw antigens as

the original stimulators. Thus, these CTC' can serve in the future as useful
reagents for histocompatibility testing. For our purpose, they served as

an excellent indicator of the kind of cellular reagents that may eventually be
induced with human tumor cells as stimulators. Two groups who learned the

CTC techniques from us have obtained similar results using CTC in the PLT.

6. Autologous Reactivity of the CTC: We have documented that CTC show
proliferative and cytotoxic responses to alloantigens, but not to unmodified
self. CTC do not proliferate in response to x-irradiated autologous PBL,

and CTC which are spontaneously cytotoxic for a variety of allogeneic target
cells do not kill autologous PHA-blasts, Con A blasts or CTC. Based on these
findings, it should be possible to study proliferative responses and
cytotoxic reactivity against modified self in a variety of diseases.
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Blood samples from 12 IM patients were collected at the time of diagnosis
and 14 days later. PBL were separated by E-rosette formation. Cells that
did not form E-rosettes were cultured for a prolonged period at 37°C,
thereby generating a B lymphoblastoid cell line from most donors. The
E-rosette forming cells, or the unseparated PBL, were treated with conditioned
media, which resulted in CTC. Cytotoxicity assays were done using cryopre-
served autologous and allogeneic B lymphoblastoid cell lines as targets, in
attempts to detect cell-mediated immunity of the CTC against EBV-determined
antigens on the cell lines. However, in this first series of experiments,
high levels of cytotoxicity were seen against most of the target cells, and
no clear cytotoxicity pattern emerged. More experiments are being done using
semi-purified MF, since only commercial MF was used in the first series.
Experiments are also being conducted on the ability of CTC derived from
IM-patients to give a specific proliferative response to either the autologous
or allogeneic B lymphoblastoid cell lines.

CTC have been prepared from remission blood samples from 3 patients with
acute myelogenous leukemia. The PBL were either cultured alone, or stimulated
with autologous cryopreserved myeloblasts or with PHA, after which we added
semi-purified MF to the cultures. The resultant CTC were expanded and tested
in cytotoxicity assays against a variety of target cells. Despite some
technical problems in these initial experiments, we could demonstrate high
levels of cytotoxicity by all derived CTC cultures against autologous and

allogeneic myeloblasts, and against leukemia cell lines. Daudi, a

lymphoblastoid cell line and the myeloid line K-562 were subject to moderate
killing, but Raji, another lymphoblastoid line was resistant. Autologous
remission lymphocytes and autologous CTC were not killed. Very low killing

of allogeneic PHA-blasts demonstrated that very little, if any, polyclonal
activation took place in this system. These experiments are encouraging

and need to be pursued. Even patients' PBL that had not been reexposed
to myeloblasts gave CTC with high levels of cytotoxicity for the myeloblasts.
For comparison with these results, we are in the process of evaluating the

reactivity against myeloblasts and myelogenous leukemia cell lines by CTC

from normal donors.

II. Studies on Subpopulations of Human T Cells

A major impetus for these studies came from our demonstration that CTC

are T cells that respond to MF, and that MF itself is produced by a different

subset of T cells. Although this has been demonstrated so far only for

stimulation with Con A or PHA, the model may also apply to stimulation by

cell-surface antigens or soluble antigens. Thus, studies of T cell

proliferative and cytotoxic responses now can be dissected into independent

studies of the production of MF by Tp cells, and of proliferative (or

cytotoxic) responses to MF by activated Tr cells. The mechanisms of antigen

presentation to Tp and Tr cells may be quite different, and need to be

examined. Clearly, it would be advantageous to physically separate Tp and Tr

cells. One possibility is that Tp and Tr cells would be distinct with

respect to already known cell-surface markers found on T cell subsets, such
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as receptors for the Fc portion of IgG or IgM, low and high affinity receptors
for sheep erythrocytes, or some of the very recently described specific T

cell antigens. Further, one could examine selective resistance to gluco-
corticoids by either Tp or Tr.

One project was to examine the cellular requirements, within PEL, for
MF production. It is well known that stimulation with lectins needs the
presence of monocytes. However, in man the requirement for macrophages is

more difficult to demonstrate with PHA. Similarly, when we tested MF
production with PHA, removal of adherent cells did not decrease MF production.
Pretreatment of PBL with a specific anti-human T cell serum (AHTS) abrogated
MF production. This was seen either with or without addition of fresh
complement (C). The controls pretreated with anti-human B cell serum,
with or without complement, or with normal rabbit serum had a slightly reduced
capacity to produce MF. When PBL were separated by E-rosetting, only
E-rosetting forming (E+) cells produced MF. E+ cells were then separated in
E+ cells with an Fc receptor for IgG (Tg) or IgM(Tm) using techniques with
antibody-coated ox erythrocytes. The bulk of the MF activity was produced
by Tm cells, although Tg cells also produced some active material. It was
then found that Tg cells separated directly from PBL did not produce MF.

Only those Tg cells that had been previously resetted with sheep E produced
MF. In summary, these experiments demonstrated a major role for T cells in

MF production, and represent the only evidence that MF is produced by human
T cells. Using 10 M dexamethasone as a probe in preliminary experiments,
we found that MF production was completely abolished, whereas responses to

MF appeared to remain normal.

In attempts to obtain in the future specific antisera to subsets of T

cells, we raised some anti-human T cell sera using the CTC as
immunogens . After only two absorptions on the autologous B lymphoblastoid
cell line, the antisera had selective reactivity. The specificity of these
antisera has now been extensively studied, using the microcytotoxicity
assay and a wide variety of target cells. -The AHTS are specific for normal
and abnormal T cells, and they compare very well with a multi-absorbed
anti-thymocyte serxim. AHTS absorbed further with PBL react still with CTC
and two out of four T lymphoblastoid cell lines. The possibility exists
that such absorbed antiserum detect a subpopulation of T cells. It was also
noted that AHTS absorbed extensively with HSB (a T lymphoblasto-id cell line)

retain activity for CTC and a subpopulation of PBL. These possibilities
are being explored further by pretreating PBL with these sera, and measuring
their responses in various assays of T cell functions, with emphasis on MF
production and responses to MF.

The numerous cell divisions of CTC populations may allow us to use
cloning techniques to isolate subpopulations of Tr cells. According to the

results of our functional studies, such techniques may well be needed to

separate effectors of various functions still present in CTC. We have already
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made considerable efforts to obtain clones of CTC by the method of limiting

dilutions. We have begun to have some encouraging results and this approach
is being intensively pursued.

III. Studies on Natural Cytotoxicity and Antibody-Dependent
Cell-Mediated Cytotoxicity

Several ongoing studies were completed and much of these data have been

published or are in press:

1. Generation of NK activity in culture . NK and ADCC activity, after

initial depletion by absorption of Fc receptor positive (FcR4-) cells on

antigen-antibody complex monolayers, reappear in cultures made with fetal

bovine serum (FBS). In a detailed study of the cell-surface markers and of

the specificity of the regenerated, cultured NK cells, we found that cultured

NK cells were very similar but not quite identical to fresh NK cells. The

former seem to have lower affinity FcR, and also less affinity for sheep E;

they also tend to stick to nylon fibers. Nevertheless, they seemed to retain

the same pattern of specificity as fresh NK cells. It was also of great

importance to learn more about the precursor-cells which regenerated the

cultured NK or ADCC activity. Then, careful cell-separation studies indicated

that E+ and E- cells cooperated in the process of regenerating NK or ADCC.

E+ cells seemed to act as helper cells, since they were equally effective when

X-irradiated. The precursors appeared to be null cells and their development

into effector cells was proliferation-dependent.

2. Boosting NK and ADCC with Interferon . Several laboratories have

had some indication that interferon could play a major role in regulating

human NK. Activity could be boosted with supernates containing, among other

things, interferon. In a set of experiments using partially purified human

interferon and specific antisera to human interferon, we were able to

document the boosting activity of human interferon of both NK and ADCC. It

was of interest to see whether this boosting by interferon was a selective

effect on NK and ADCC, or whether other cytotoxic effector cells could also be

boosted. We studied leetin- induced cytotoxicity mediated either by PEL or by

CTC against Chang-liver cells as targets. These activities were also boosted

by interferon. However, because leetin-induced cytotoxicity can- be mediated

by both Tg and Tm, it was important to determine whether one of these

populations was preferentially boosted. PBL were separated into Tg and Tm and

lectin-induced cytotoxicity was measured, with and without exposure to inter-

feron. The data seem to indicate rather clearly that a) most of the unboosted

activity resided in the Tm fraction, b) interferon had only a modest effect in

the activity of Tm cells, and c) low levels of activity in Tg cells could be

boosted considerably with interferon. Thus, we were able to reach the con-

clusion that in lectin-induced cytotoxicity, as well as in NK or ADCC, the Tg

cells seem to be the preferential target cells for the boosting effect of

interferon. This sheds some light on conflicting data in the literature

concerning the level of Tg activity in lectin-induced killing. It may well be

that, depending on the protocol, activation via interferon played a major, or

only a minor role.
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3. Role of Antibodies and of the FcR in NK . In addition to the previous
evidence, summarized in last year's report, that antibodies and FcR were not
required for NK activity, another approach was to determine the effects of

modulation of FcR by reactions with antigen-antibody complexes overnight at

37° C. After removal of FcR, as assessed by the diminution of rosette
formation with ox erythrocyte coated with IgG and by the disappearance of

ADCC activity, appreciable levels of NK activity remained, thus demonstrating
that FcR were not needed for NK.

4. NK Activity within Human Tumors . Several human tumors were
dissociated into single cell suspensions. The lymphoid cell populations, from
the tumors and from PBL of the same patients were tested for NK (and ADCC)
activity. The PBL from many of these cancer patients had normal levels of NK
and ADCC activity, but these activities were very low or undetectable with
lymphoid cells from the tumors. When mixed with PBL, cells from the tumors
were found to inhibit NK activity. It is not yet clear whether this was due
to cold target inhibition by tumor cells in the populations or to suppressor
cells for NK.

Significance for Biomedical Research and the Program of the Institute

The capability to generate large numbers of pure and functional T cells
from any given individual or population of lymphocytes opens considerable
avenues for use of these cells in in vitro assays of cell-mediated immunity.

The technique may turn out to be the cleanest approach to the purification
of considerable numbers of T cells reactive against human TAA, and this will
certainly hold a very high priority in many cancer research laboratories for

years to come. These studies are also potentially useful for the immuno-
diagnosis of cancer and in measuring changes of immunity in response to

chemotherapy or immunotherapy. This would fall under Objective V, Approach 4

and Objective VI, Approaches 1 and 4 of the National Cancer Plan.

Detection of tumor antigens and of immune reactions to human tumor-

associated antigens is a major goal in tumor immunology. The development and

standardization of _in vitro assays for cell-mediated immunity is one of the

most important aspects. Because immunogenicity cannot be studied directly
in the human, the evaluation of immunologic reactivity and the antigenicity
of tumor cells by _in vitro assays is of paramount importance. This would

fall under Objective V, Approach 4 of the National Cancer Plan.

The question of whether immunosuppressive factors play a role in

interfering with effective immunity is also very important. It appears that

the stimulation of the host immune system may be useless, unless one can first

rid the body of the inhibitory phenomena related to tumor cell growth.

Investigation in this area would fall under Objective IV, Approach 4 and

Objective VI, Approaches 1, 2, and 4 of the National Cancer Plan.

The capability to distinguish between different T cell subsets and their

functions would represent very significant progress towards the identification
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of T cells immune to tumor-associated antigens in cancer patients. This
may lead to a better understanding of reactions against the tumor that may
be important in vivo . The findings of our laboratory that T cells with
various functions can be adequately studied in continued cultures open
major avenues of research. Further, techniques are now available to study
the factors that mediate the needed cellular collaborations during immune
responses to tximors. It is possible that large quantities of T cells immune
to the tumor or of factors that enhance responses to the tumor could be used
in immunotherapy. This would fall under Objective V, Approach 4 and
Objective VI, Approaches 1, 2, and 4 of the National Cancer Plan.

Proposed Course of Project

Concentration of the work of this group on studies related to cultured
T cells will allow in-depth studies of a) the applicability of this
technology to the development of cellular reagents specific for ttimor-

associated antigens in man, and b) the mechanisms of human T cell activation
and regulation. These two areas represent the priorities of this group.

The sequence concerning our work, with cellular reagents against TAA in
man will be as follows: 1) Conclusion of work with allogeneic models.
2) Completion of the preliminary study in infectious mononucleosis.
3) Demonstration of TAA in AML and derivation of a panel of cells reacting
with TAA on AML-blasts and on AML cell lines. 4) Studies with immunity to

simple haptens, to gain experience with primary and secondary proliferative
responses to defined antigens in man. 5) Improve culture conditions for CTC
such as to achieve better cell yields and longer cell survival. 6) Work with
primary and secondary MLTI in lung and breast cancer patients. 7) Cloning
of some of the above reagents.

The sequence concerning our studies on T cell activation and regulation
will be as follows: 1) Conclude collaborative work on the presence of

glucocorticoid receptors on CTC. 2) Continue work on determining optimal
conditions and cellular requirements for MF production. 3) Initiation of
clinically-related studies, where the deficient proliferative responses of

lung and breast cancer patients will be analyzed in terms of Tp or Tr
deficiencies, and suppression of Tp or Tr by monocytes. 4). Further
comparison of known human T cell subsets with Tp or Tr in our model. Use of
antisera to T cell subpopulations, as they become available, in search of
selective reactivity with Tp or Tr. 5) Initiation of collaborative studies
on MF-binding to Tr cells, and on the intracellular effects of MF-stimulation
of CTC. 6) Initiation of a collaborative study to compare the activities of
MF and the tetrapeptide, tuftsin on CTC.
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Project Description:

Objective : From the inception of our studies in January, 1978, an

effort has been made to investigate mechanisms of cell-mediated resistance to

malignant disease. Attention has been focused primarily on the role of

natural killer (NK) cells in inhibition of tumor growth.

Although there is increasing evidence that NK cells can strongly inhibit

the growth of sensitive murine leukemia and lymphoma lines both in vitro and

in vivo, there has been scant evaluation of their activity against solid

tumors. Evidence to date, in fact, has suggested a lower degree of reactivity

of NK cells against murine carcinoma lines in comparison with reactivity

against lymphoid lines.

Major Findings :

I. Natural Cytotoxicity against Murine Lung Cancer

We have attempted to re-evaluate the activity of NK cells against murine

lung cancer _in vitro . The Madison 109 lung cancer metastasizes widely and is

rapidly lethal following subcutaneous injection into syngeneic BALB/c mice.

This tumor is resistant to the effects of many cytotoxic drugs but is

inhibited _in vivo by treatment of animals with interferon- inducers such as

pyran co-polymer or poly I:C. The therapeutic effect of interferon- inducers

in this model has been attributed to activation of macrophages. Recent

recognition that natural killer activity is augmented by interferon, however,

suggests the possibility that at least a portion of the effect of interferon-

inducers may be mediated by NK cells.

Work to date with this model has revealed: 1) The Madison 109 tumor was

resistant to NK in the usual 4-hour, Chromium-release cytotoxicity assay.

Conventional, nude, and poly I:C stimulated spleen cells all had negligible

reactivity against this tumor when tested in the short-term assays.

2) Madison 109 was clearly sensitive to NK activity, however, when tested in

18-36 hour assays, particularly in the presence of exogenous interferon.

BALB/c nude spleen cells alone gave 10-20% cytotoxicity by 36 hours of

incubation, and cytotoxicity was increased to 50% in the presence of viral-

induced, fibroblast produced, commercially obtained interferon." 3) NK-enriched,

macrophage-depleted, spleen cells from BALB/c nude mice had little effect on

uptake of tritiated thymidine by Madison 109 in a 48 hour growth inhibition

assay (GIA) . These fractions were strongly growth- inhibitory, however, in the

presence of exogenous interferon, or in the presence of small numbers of

adherent cells. This macrophage requirement for growth inhibition of human

cells by NK-enriched cell populations may be explained by the following ob-

servations made in parallel experiments: a) Non-adherent, NK-enriched spleen

cell suspensions rapidly lost their cytolytic activity in culture at 37°C.

b) Addition of 1-3% adherent cells to these fractions led to maintenance of

baseline cytotoxic reactivity in cultures without Madison tumor cells, and to

marked augmentation of NK in the presence of Madison tumor cells. Other

investigators have demonstrated that co-culture of spleen cells with various
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tumor cells can lead to the production of interferon _in vitro . We are
currently testing the hypothesis that a macrophage-dependent production of
endogenous interferon underlies the augmentation of NK observed in Madison-
spleen cell cultures, and that the continuous production and presence of
such interferon is required for full expression of NK-mediated inhibition of

tumor growth. It appears, in addition that this requirement for macro-
phages and/or interferon production is obviated by addition of exogenous
interferon to spleen cell-Madison cultures.

These studies suggest that previous methods for measurement of NK
activity in short-term assays against leukemia-lymphoma targets are grossly
inadequate for evaluation of NK activity against murine lung cancer cells.
Full development of the anti-tumor potential of NK requires more prolonged
interaction of NK cells with tumor or the presence of exogenous interferon.

II. Kinetics of NK Reactivity in Tumor-Bearing Mice

Evaluation of NK reactivity in mice injected subcutaneously with the
Madison tumor has revealed an augmentation of cytotoxicity at day 7-10 with
subsequent depression by day 21. Despite low NK reactivity in late tumor-
bearers, however, these animals respond to poly I:C with augmentation of

NK. The mechanism underlying depression of NK is under investigation.

III. Human Studies

Continued evaluation of natural killer cell activity in small cell lung
cancer patients has demonstrated: a) A highly significant depression of

cytolytic activity of peripheral blood NK cells in these patients that
correlates with extent of disease; b) Persistant depression of NK following
induction therapy, independent of the response to that therapy; and c) Augmen-
tation of depressed NK function to normal levels in these patients by a one-
hour _in vitro incubation of lymphocytes with exogenous interferon (f ibroblast-
produced)

.

Significance to Biomedical Research and the Program of the Institute :

A full understanding of the relationship between NK cells, macrophages
and interferon will be crucial to rational application of interferon or

interferon-inducers in the therapy of cancer. These studies have demonstrated
the profound impact of interferon on cytotoxicity and cytostasis of a murine
lung cancer that would appear "resistant" to NK in our standard assays.
They have also demonstrated that depression of NK associated with progressive
tumor growth can be at least partially reversed by interferon. Such observa-
tions should lend impetus to further investigation in this area.
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Continued use of serum alpha-fetoprotein (AFP ) and human chorionic gonadotropin

( HCG ) measurements have aided the monitoring of therapy in patients with hepato--

cellular carcinoma (HC) and testicular germ cell tumors . Measurement of these two

markers along with the simultaneous quantitation of carcinoembryonic antigen (both

CEA and CEA-S ) in patients being evaluated for gastrointestinal cancers have indi-

cated in a preliminary fashion that more than one marker elevation was found with

gastric and pancreatic cancer, but not in patients with benign disease of th(s

stomach and pancreas. Serxim AFP is being quantitated to follow the development o::

HC in monkeys treated with carcinogens and in mice with a high incidence of

spontaneous HC development.
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Project Description :

I. Characterization and Measurement of Soluble Antigens Associated with
Human Neoplasms. Objective 6, Approach 1.

A. Studies of Alpha-Fetoprotein (AFP)

1. Quantitation of AFP in hximan diseases : A sensitive double-anti-
body radioimmunoassay (RIA) for AFP has been used to monitor the effectiveness
of therapy in patients with hepatocellular carcinoma at several collaborating
institutions. The ability to predict response to therapy by a fall in the
serum AFP and recurrent tumor by a rise in serum AFP has continued to be of
significant clinical usefulness.

The use of quantitative serum AFP levels along with those of human
chorionic gonadotropin (HCG) have continued to provide an accurate assessment
of the effect of therapy in a high percentage of patients with testicular germ
cell neoplasms (non-seminoma) who have these two markers associated with their
tumors

.

2. AFP in combination with other markers : In a study of patients
presenting with a variety of signs and/or symptoms which suggested malignancy
of the gastrointestinal tract, the levels of several tumor markers were evalu-
ated for aid in making a diagnosis. Carcinoembryonic antigen (CEA) , CEA-S, AFP
and HCG were all measured on serum taken at the initial visit. The diagnostic
work-up was completed without knowledge of the marker value results. When
patients with proven gastric cancer were compared with patients with benign
gastric disease it was seen that 37% of 19 cancer patients and 18% of 76 benign
patients had an elevated serum tumor marker. One of the gastric cancer patients
had 2 simultaneous markers (5%) , but none of the benign patients had more
than a single marker. In patients with pancreatic cancer, 76% of 17 had an
elevated marker while only 27% of 22 patients with benign pancreatic disease
had an associated marker (all due to elevated CEA). Nineteen percent of the
pancreatic cancer patients had 2 simultaneous markers and 12% had 3 while none
of the benign patients had more than a single marker. These studies indicate
the potential value of simultaneous markers as an aid in the diagnosis of
certain types of malignancy, with elevations in two or more markers being a

more accurate indicator of malignant disease.

3. Study of AFP in Primates: Serum AFP concentration has continued
to be monitored by RIA in non-human primates receiving a variety of carcinogens
and suspected carcinogens. In some animals which have developed 1-nitroso
diethylamine (DENA)-induced hepatocellular carcinoma (HCC) , the RIA for AFP is

being used as an aid to assess the response to immunotherapy. Others are being
monitored to determine the effectiveness of certain agents in blocking the
development of DENA-induced HCC. However, after three years, there is no
obvious difference in tumor incidence between treatment and control groups,
about 50% of each group having developed HCC.
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Earlier observations have been extended in untreated monkeys which

have developed HCC after 1-6 years of DENA administration at 5, 10, 20, or

40 mg/kg, biweekly. These animals have had serum AFP determinations either

biweekly or monthly, and therefore have very detacted profiles. In this group

of 20 monkeys, 65% have experienced usually profound declines in serum AFP

concentration in the absence of therapy of any kind. Thirty-one percent of

those with such drops, have reached normal or near-normal (less than 100 ng/ml)

serum AFP levels. This occurrence is spread about evenly through the 4 differ-

ent DENA dosage groups. Studies of immune function, which might bear on host

control of the ttimor, remain to be done.

4. Study of AFP in Mice : A study monitoring seriim AFP concentra-

tions
during the lifespan of a strain with a high spontaneous incidence of HCC (the

C3H-A^fB) has been completed. The overall tumor incidence was 69% (56/81).

Seventy-nine percent of those with HCC had serum AFP greater than 2 S.D. above

the normal mean of 163 ng/ml, the highest reaching 406,220 ng/ml. Ten of 25

mice with liver hyperplasia also had elevated levels, but all were below

900 ng/ml. Two of eight mice at 6-9 months of age, with no gross evidence of

their microscopically proven HCC, had elevated serum AFP levels of 625 and

1,077 ng/ml.

Forty-seven mice had life-long, monthly serum AFP determinations.

Sixty percent of the males tested at age 4-6 months, ahd a transient AFP peak

of 248-339 ng/ml at 5 months, followed by normal levels. Compared with mice

which had no early AFP peak, these mice developed fewer tumors (25% vs. 67%),

and had lower peak serum AFP levels (median 820 vs. 15,668 ng/ml).

In the group monitored monthly, 27% of the males and 20% of the

females had a substantial fall in serum AFP between 10 and 19 months of age.

Declines ranged from 20% to 96% and averaged 37% for females and 67% for males.

Careful microscopic examination of tumors in these "regressors", showed evi-

dence of IjTmphocytic infiltration and/or necrosis in 50% of the males and 80%

of the females.

In this model with a high spontaneous tumor incidence, the serum AFP

concentration appears to reflect some very interesting changes, in the tumor-

host relationship.

Significance for Biomedical Research :

Circulating substances called tumor markers, usually measured as

antigens in the blood of individuals with cancer, can be of inestimable value

in determing how a tumor is responding or has responded to the selected thera-

py. The major value being the ability to do this at a time when the tumor may

be undetectable by the standard clinical tests. Research with these markers,

in both human and animal subjects, is necessary to understand the biology of

their relationship to the neoplastic process. It is possible that the tumor

markers or antisera directed against them could have some value in immunothera-
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py or in prevention of cancer. This research on tvimor markers falls under
Objective VI, Approaches 1 and 2 and Objective V, Approaches 2, 3 and 4 of the
National Cancer Plan.

Proposed Course of Project :

This project represents the continued commitment of our laboratory
to immunodiagnosis utilizing circulating antigens (released or secreted by
tumor cells) and cell surface antigens. We will continue to derive information
as to their usefulness in following the course of malignant disease and how
they may be used in combination to aid the early diagnosis of cancer.

We will continue to use AFP, HCG and CEA measured by sensitive RIA to
monitor patients with hepatocellular pancreatic, gastric, colonic and
testicular carcinoma. We will use the carcinogen-induced hepatomas in
primates to study the relationship of AFP to tumor burden by measuring
synthetic rates and catabolic rates of AFP in the animals with timiors. We will
continue similar metabolic studies in patients with testicular germ cell
tumors utilizing HCG in addition to AFP. We will continue to perform tissue
staining for a wide-variety of tumor associated antigens as an aid to

classification, staging, prognosis, therapeutic choice and tumor biology of

several different cancers.
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Project Description:

Objectives ; The objectives of these projects were: (1) to dissect the

mechanisms involved in macrophage-mediated immune suppression; (2) to charac-

terize the functional activity of macrophage cell lines; (3) to study the

stimulation of a secondary cytotoxic response to tumor associated antigens;

(4) to establish continuous cell lines from T cells specifically immune to

tumor associated antigens; (5) to determine the effect of lysosomal extracts on

T cell-mediated cytotoxicity; (6) to investigate the mechanisms regulating NK

activity; and (7) to evaluate the cell surface markers on NK cells.

Methods Employed ; Host lymphoid cells were obtained from the spleen,

lymph node, peritoneal cavity, peripheral blood, thymus and tumor (of tumor

bearing animals) of immune and control mice. A variety of normal tumor cell

lines were maintained in tissue culture. T lymphocytes from immune mice were

placed in long term culture employing conditioned medium. A variety of tumors

induced by viral, chemical or unknown agents were maintained by transplanta-

tion in syngeneic animals. Immune and normal lymphocytes and tumor cells were

stored in a viable frozen state. Inbred strains of mice were employed for

several different allogeneic and tumor model systems. Immunological compe-

tence and/or cellular immune reactivity were measured in vitro by the following

tests: Ibmiphocyte stimulation, lymphoycte- and macrophage-mediated cytotox-

icity in Cr release assay, production of lymphokines, in vitro generation of

secondary cytotoxic responses, suppression of mitogen-induced and antigen in-

duced immune functions, and inhibition of growth of lymphoma cells. Lysosomal

extracts were prepared from tumors and normal tissue. Lymphoid populations

were enriched or depleted of different subpopulations by: iron/magnet treat-

ment, passage over adherence columns, treatment with antisera plus complement,

the fluorescent activated cell sorter, or adsorption on antigen or antigen-

antibody monolayers. Further cell separations were performed based on cell

size using 1 g velocity sedimentation.

Major Findings :

I. Macrophage-Mediated Suppression

We have continued to examine the immune suppression mediated by murine

macrophages which have been activated in vivo by induction oT tumor or by

inoculation of agents such as BCG and Corynebacterium parvum (_C. parvum )

.

Studies performed during the past year have centered on the mechanisms by which

macrophages mediate their effects on lymphocytes.

A. Suppression of Lymphokine Production

We have previously shown that macrophages can inhibit the in vitro

production of a lymphokine, macrophage migration inhibitory factor (MIF), by

stimulated T lymphocytes. When macrophages isolated from primary MSV-induced

tumors were added to antigen-stimulated MSV-immune spleen cells, complete sup-

pression of MIF production was observed. We have demonstrated that this

suppression was nonspecific since the MIF production by antigen stimulated
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alloimmune spleen cells and by PHA or Con A stimulated normal spleen cells was
also inhibited. Moreover, the activation of suppressor macrophages was not
specific for tumor-bearing mice, since cells with the same characteristics
could also be obtained from mice inoculated with C. parvum but not from animals
that had been injected with light mineral oil. In addition to the ability of
activated macrophages to inhibit MIF production and the proliferative response
of normal spleen cells stimulated with Con A, we also found that these suppres-
sor cells could nonspecifically inhibit the production of macrophage activa-
tion factor (MAF) stimulated by mitogen, alloantigen or tumor associated anti-
gen.

In our studies to examine the kinetics of these responses, we found
that macrophages were able to suppress MIF production only when added during
the first 4-5 hours of culture, before the initiation of MIF production,
suggesting that the macrophages were acting on an early stage of lymphocyte
activation. Furthermore, macrophages isolated from MSV-induced tumors did not
suppress the cytotoxic effector function of immune spleen cells, either when
added during the assay or after 24 hours preincubation with the effector cells.
Hence, the findings that early events associated with the generation of the
immune response, but not the effector phase, were inhibited by the macrophages,
coupled with data from the literature indicating that protein synthesis is

required for lymphokine production and lymphocyte proliferation but not for
cytotoxicity, led us to examine whether macrophages could have been exerting
their suppressive effects through their ability to inhibit protein synthesis.
The levels of protein synthesis were measured in Con A stimulated spleen cells
with or without the presence of suppressor macrophages. We found that, in

addition to inhibiting the production of MIF, the macrophages also inhibited
protein synthesis. Furthermore, kinetic experiments demonstrated that the

depression of the protein synthesis could be detected as early as 6 hours after
lymphocyte stimulation.

Nevertheless, even though macrophages could inhibit the protein syn-
thesis of the lymphocytes, it did not necessarily link this event to the

suppression mediated by these cells. In an attempt to address this problem, we

established a model system in which a reversible inhibitor of protein synthe-
sis, puromycin, was employed to transiently inhibit protein synthesis during
the early stages of lymphocytes activation, to determine whether this effect of
the macrophages could lead to immunosuppression, as measured .by lymphocyte
proliferation. When protein synthesis was blocked by puromycin during the
first 50 minutes after Con A stimulation, there was a marked reduction in the

proliferation of the lymphocytes as measured 72 hours later. Kinetic experi-
ments demonstrated that the reduction was not due to a shift in the kinetics of
the response. Additional studies in which the lymphocytes were treated for 1

hour with puromycin and Con A, washed and then incubated and restimulated with
the mitogen 24 hours later, also indicated that there were early events taking
place during the first hour after stimulation which were sensitive to inhibi-
tors of protein synthesis and that were essential for the subsequent develop-
ment of the response.
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B. Role of Prostaglandin in the Immunoregulation by Macrophages

In earlier studies we had found that the macrophage-mediated sup-

pression seen in spleen cell populations from MSV tumor-bearing mice could be

partially reversed if an inhibitor of prostaglandin synthesis, indomethacin,

was added to the assay. In addition if low numbers of spleen cell populations

from MSV-tumor bearing mice with suppressor activity were added to cultures of

normal spleen cells plus mitogen, indomethacin could reverse much of the de-

pression. However, when larger numbers of suppressor cells were added, they

were not affected by the addition of indomethacin. In an attempt to further

investigate the role of prostaglandin in macrophage-mediated suppression,

studies were performed to examine the effect of indomethacin on the prolifera-

tion of normal spleen cells in response to mitogen. Doses of indomethacin

ranging from 0.01 to 1.0 pg/ml enhanced the response of normal spleen cells to

mitogenic stimulation. Several mechanisms can be envisioned to explain these

results. Our current hypothesis is that the macrophages are stimulated during

the culture to produce prostaglandins. These in turn decrease the response of

the lymphocytes to the mitogen. Experiments are in progress to investigate

this model of immunoregulations. Initial studies showed that the enhancing

effect of indomethacin was proportional to the number of macrophages in the

normal spleen cell suspension. Spleen cells depleted of macrophages did not

have their mitogenic response enhanced by indomethacin. When macrophages were

replaced, the enhancing effect of indomethacin was again evident. These re-

sults are consistent with the proposed model.

II. Functional Characterization of Macrophage Cell Lines

Several different murine macrophage cell lines have been described that

have many of the characteristic of normal macrophages. We have obtained these

lines in order to evaluate them as models for understanding the interrelation-

ships between various states of macrophage activation and/or differentiation

and to provide better insight into some of the macrophage functions that we are

investigating in tumor-bearing mice.

A. Cytolytic Activity

Our studies on the cytolytic activity of the various macrophage cell

lines have continued. During the past year we obtained two additional macro-

phages cell lines, RAW-264 and IC-21 . Comparative studies were performed to

determine the relative levels of activity of these lines to the others we

previously examined. RAW-264, IC-21 and PU5-1.8 had intermediate to high

levels of cytolytic activity, P388D1 and J774 had low to intermediate levels

while WEHI-3 had little or no activity. The cytolytic activity of the cell

lines could be increased by the addition to the assay of a variety of stimu-

lants, such as bacterial lipopolysaccharide (LPS), muramyl dipeptide (MDP),

and poly I:C. The increase in the levels of activity was generally proportion-

al to the level of spontaneous activity; however, the activity of IC-21 was not

affected by any of the stimuli. The pattern of sensitivity of several differ-

ent target cells to killing by the macrophage cell lines differed from that

observed with macrophages that had been activated in vivo (by the inoculation
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of murine sarcoma virus, MSV). This might imply that the spontaneous killing
by the macrophage cell lines proceeds by a different mechanism than that of
macrophages activated in vivo by MSV, or that perhaps the macrophage cell lines
recognize a different target cell structure than the tumor-activated macro-
phages.

B. Inhibition of Tumor Cell Growth and Suppression of Lymphocyte
Proliferation

When the macrophage cell lines were tested for their ability to

inhibit the proliferation of two tumor lines, RBL-5 or RL(?1 , the rank order of
reactivity was slightly different from that seen in the cytolysis assays. J774
had the highest cytostatic activity, followed by IC-21 , RAW-264, and PU5-1.8.
P388DI had low levels of activity while WEHI-3 was growth inhibitory only at
very high effector/target cell ratios. J774, IC-21 and RAW-264 caused greater
than 50? inhibition at attacker: target cell ratios of less than 1:1, suggesting
that a soluble factor may be involved in the inhibitory activity. Studies are
presently in progress to investigate this possibility.

When the same lines were tested for their ability to suppress the

response of normal spleen cells to mitogenic stimulation, the rank order of

reactivity was very similar to that found in the cytostasis assay. Again, J774
was the most active, followed by PU5-1.8, IC-21, RAW-264 and WEHI-3.

III. In Vitro Culture of Immune T Lymphocytes

We have continued to perform experiments to establish long term culture
lines of cytotoxic T lymphocytes form MSV-immune spleen cells. Employing
conditioned medium from Con A-stimulated spleen cells, we could maintain
lymphocytes from a secondary cytotoxic response culture for 3-4 weeks. The
cultures were almost entirely Thy 1.2 positive, appeared morphologically to be

similar to blast cells, and were not adherent or phagocytic, suggesting that
the lines were almost entirely T lymphocJytes. At this time, the cultures
either did not continue to grow or started to proliferate very rapidly. Lines
that fell into the latter category also lost their dependence on the growth
factor from the conditioned medium and were able to induce tumors in vivo.
This suggested that we were observing a neoplastic change _in vitro . Studies
are underway to define the conditions under which this phenomenon takes place.

IV. Induction of In Vitro Secondary Cytotoxic Responses

A secondary cytotoxic response can be generated in MSV-immune spleen
cells when they are stimulated _in vitro with tumor cells that contain the
appropriate antigens. In earlier studies we found that low levels of prolifer-
ation were required for the development of the response and that macrophages
were required as accessory cells. Compatibility between the T lymphocytes and
the macrophages at the I-A subregion of the major histocompatibility complex
was required although there appeared to be other loci that might also play a

role in the response.
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All of the above studies were performed with intaot tumor cells as the

stimulus. We have extended those investigations to examine the role of infec-

tious virus in the generation of the secondary cytotoxic response. When

Moloney murine leukemia virus (M-MuLV) was used to stimulated MSV-immune

spleen cells, high levels of cytotoxicity were generated. In fact, in most

experiments, the level of cytotoxicity was similar to that obtained when intact

tumor cells were employed. The effector cells that were generated in both

cases were T lymphocytes and had similar patterns of specificity. By employing

a panel of different viruses, it was determined that only ecotropic M-MuLV's

could induce a secondary cytotoxic response, whereas recombinants in the

envelope region between M-MuLV and xenotropic viruses failed to induce a re-

sponse. Thus from these studies it would appear that the response can be

generated only with virus that shares the type-specific determinants, gp70
(envelope antigen), of M-MuLV. When the virus was treated with UV light, there

was a parallel loss in infectivity and the ability to induce cytotoxicity

indicating that infectious virus was required to generate a secondary re-

sponse.

V. Inhibition of T Cell-Mediated Cytotoxicity by Lysosomal Extracts

Lysosomal material from tumors has been show to degrade immunoglobulins.

In collaboration with Dr. Yona Keisari, who had performed this work, we invest-

igated the effect of lysosomal enzymes form MSV-induced tumors on T cell-

mediated cytotoxicity. When MSV-immune spleen cells were pretreated with a

lysosomal extract for 6 hours at 37°, their cytotoxicity was reduced by 30-50?.

The inhibition was not increased if the incubation was extended to 12 hours but

shorter terms of pretreatment gave lower levels of reduction. If the treatment

was carried out at 4 no inhibition was observed. Thus the inhibition was

temperature and time dependent. Allogeneic cytotoxicity against RLol , a

BALB/c tumor line, was inhibited as effectively as the anti-MSV responses,

indicating that the lysosomal extracts were nonspecific in their inhibitory

activity. In addition, lysosomal extracts from normal liver were as effective

as the tumor lysosomal extracts in inhibiting cytotoxicity, demonstrating that

the tumor-derived material was not unique in its inhibitory capability. The

studies suggest a mechanism by which tumors might subvert the host immune

responses against them.

VI. Regulation of NK Activity

Natural killer (NK) cells are a population of medium-sized lymphocytes

that are present in nonimmune animals and have spontaneous anti-tumor activ-

ity. Because of their possible role in host resistance to tumor cell growth,

our laboratory has been examining the mechanisms by which the functional activ-

ity of these cells is regulated. Recent studies from our laboratory and others

have shown that the levels of NK activity can be elevated by interferon and

agents that induce interferon (see report Z01 CB 05557-11 LID). It has been of

interest to also determine factors involved in negative regulation of NK activ-

ity and during the past year we have focused on the effects of prostaglandins.
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A. Prostaglandin Effects on NK Activity

Prostaglandins have a negative regulatory effect on NK activity both
in vitro and in vivo . Addition of PGE or PGE at 10 M concentration to the
cytotoxicity assay substantially reduced the revel of NK activity. PGA and
PGAp also suppressed NK cell activity but PGB, and PGB„ had only slight
effects. Addition of PGF, or PGF„ at this concentration resulted in no

Id Set,
inhibition. The suppressive effects oT PGs were dose dependent since addition
of 10 PGE resulted in no inhibition but with increasing concentrations of PGE
there was a correspondingly greater decrease in cytotoxicity. Using one con-
centration of PGE (10 M) , the decreased cytotoxic activity was found at all
effector to target cell ratios tested; no inhibition was seen with 10 M PGF,

at any ratio. The PG-mediated suppression was independent of the target cells
used in the assay since comparable inhibition with PGE was found when YAC-1

,

RL(5'l or RBL-5 were used as targets. NK cells from the spleens of nude mice were
inhibited to a similar extent as those from normal mice. Maximal suppression
of cytotoxicity was observed when PGs were present throughout the assay; pre-
treatment of effector cells resulted in only a slight reduction in activity.
Spleen cells precultured overnight at 37 but not at 4 lost their sensitivity
to PG-mediated suppression; a similar finding has been reported by other labor-
atories for PG-mediated suppression of PHA-induced blastogenic responses of
human peripheral blood lymphocytes. When the cytotoxicity of spleen cells from
older mice was boosted by in vitro treatment with interferon, it was found to

be as susceptible to inhibition by PGE as spontaneous activity. PGs could also
inhibit the cytotoxicity of NK cells from older mice boosted in vivo with
interferon inducers, such as lymphocytic choriomeningitis (LCM) virus, al-
though greater variability was found in this system.

Following a number of in vivo treatments, e.g. in mice bearing vari-
ous tumors, mice exhibited decreased NK cell activity. Since PGs could sup-
press NK activity in vitro and since elevated levels of PGs have been demon-
strated in some tumor-bearing hosts, the effect of various inhibitors of PG
synthesis on the NK cell cytotoxicity of tumor-bearing mice was examined.
CBA/J or Swiss nude mice were inoculated with MSV (Moloney): 12-14 days
following MSV injection, tumor-bearing mice had decreased levels of NK cell
activity compared to age matched, uninoculated control mice. Injection of MSV
tumor-bearing mice with aspirin, a known inhibitor of PG synthesis, partially,
or in some experiments completely, restored NK cell activity to norfflal levels.
Similarly, following oral administration of indomethacin for 7 days prior to

testing, tumor-bearing mice again exhibited increased NK cell activity. Some
inconsistent results have been obtained from experiment to experiment in the in

vivo system, which may reflect the multiple variables involved or possibly
multiple mechanisms of suppression. Further experiments are in progress in an
attempt to clarify the influence of PGs on this in vivo model and to examine
the effect of inhibitors of PG synthesis on other murine tumors.

Another agent that can increase or decrease NK cell cytotoxicity,
depending on the route of injection and time after administration, is Coryne-
bacterium parvum . Following intraperitoneal inoculation of mice with C.

parvum , increased NK cell activity was found at day 3 but this cytotoxicity
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rapidly fell to background levels by day 5. When mice were inoculated with C.

parvum and treated with indomethacin, higher levels of cytotoxicity persisted

through day 5. These results suggest that PGs may be modulating in vivo

boosted NK cell cytotoxicty. Following intravenous (IV) inoculation of C.

parvum , decreased cytotoxicity was found, beginning at day 6 and lasting

through day 21. When mice received indomethacin along with C. parvum IV

cytotoxicity remained at normal levels from day 6 through 8 but then became

depressed. These data indicated that PGs may be involved in the initial

depression of activity but that the effect of indomethacin is either overcome

or that other suppressive mechanisms may be operative at the latter times.

Attempts have been made to determine if suppressor cells are present

in the spleens of mice with depressed NK cell cytotoxicity associated with MSV

tumors or C. parvum treatment. Consistent suppression of the cytotoxicity of

normal spleen cells following addition of spleen cells from depressed mice has

not yet been demonstrated.

B. Genetic Effects on NK Activity

It has been recently reported by another laboratory that C57B1/6

mice containing the gene for the beige mutation have lower NK activity than

normal C57B1/6 mice but normal T cell and macrophage cytolytic functions.

Furthermore, it was reported that spleen cells from beige mice, in contrast to

other low NK strains, could not be boosted with interferon or interferon

inducers. If beige mice indeed had a consistent and profound selective defect

in NK activity, they would be a valuable model for studies of the in vivo role

of NK cells. In our experiments beige mice had decreased NK cell activity
compared to age matched C57B1/6 mice. However in contrast to the published

work, injection of beige mice with LCM virus or poly I:C resulted in elevated

cytotoxicity against either YAC-1 or RL(?1 target cells. In addition, the

cytolytic activity of beige spleen cells could be increased by treatment in

vitro with poly I:C or interferon. When beige mice were compared to other low

NK strains (SJL/J and A/J), similar spontaTieous levels and interferon-induced
increases in cytotoxicity were found. These results indicated that beige mice

are not completely deficient in NK cytolytic activity but are similar to other

strains with low NK activity.

VII. Surface Markers on NK Cells " '

'

This laboratory has reported that mouse NK cells express low quantities of

Thy 1 surface antigen, as demonstrated by ability of anti-Thy 1 antiserum and

complement to reduce the activity. NK cells from athymic, nude mice were more

sensitive to this treatment than those from normal mice. Since NK activity was

never completely abolished in these experiments, and since other laboratories

have found that NK activity was not affected by anti-Thy 1 plus complement, we

re-examined the question using a monoclonal anti-Thy 1.2. This monoclonal
antibody has several advantages over conventional anti-Thy 1.2 sera. By cyto-

toxicity, it is about 1,000 times stronger than our standard anti-Thy 1.2. It

is an IgM antibody, so it can be used to treat effector cells which will be

subsequently tested for their antibody-dependent cell-mediated cytotoxicity
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(ADCC) (an effector function which we have found to be mediated by cells with
characteristics similar to NK cells) without resulting in non-specific inhibi-
tion of the cytotoxicity by binding of antigen-antibody complexes to Fc recep-
tors for IgG, a problem which is seen with the standard anti-Thy 1.2. In
addition, this antibody gives brighter immunofluoresence, which allows Thy 1.2
positive cells to be fractionated by the fluoresence-activated cell sorter
(FACS) and then tested for functional activity.

We have examined NK activity and ADCC for their sensitivity to treatment
with the monoclonal antiserum plus complement, and have separated Thy 1.2
positive nude spleen cells from Thy 1.2 negative cells, to test for the
presence of these markers on the effector cells. Cells mediating NK activity
and ADCC had similar characteristics. The effector cells appeared to be
heterogeneous, with one subpopulation Thy 1.2 positive and another lacking
detectable Thy 1.2 antigen. A major difference between nude spleen cells and
spleen cells from conventional mice appeared to be the relative proportions of
these two cell subpopulations. About 70-905S of nude spleen cells with these
two functional activities were Thy 1.2 positive, while only 50-705S of those
from conventional mice were positive.

Significance to Biomedical Research and the Program of the Institute :

The immune response to neoplasia is very complex and involves not only the
interaction between host effector cells and tumor cells, but also interaction
among the various subpopulations of leukocytes. Some cells and/or factors may
serve to amplify the immune response, while others may suppress it. We have
been studying some of these interactions on several levels to learn more about
the host effector mechanisms that are antagonistic to the growth of the tumor
and about the factors or cells that regulate the development of these re-
sponses.

Macrophages are capable of modulating the host's response to the tumor,
both by their ability to act as accessory cells in the development of an immune
response and by their capacity to suppress development of immune functions. In
studies in this latter area during the past year, we have found that macro-
phages exert their suppressor activity very early during the development of the
immune response and may act by inhibiting protein synthesis. Macrophages may
also exert a regulatory role through the production of prostaglandins during
the development of an immune response. A delicate balance may exist between
the accessory function and suppressor function of macrophages and the ability
of a host to deal with a tumor may be critically affected by the net state of
balance between these regulatory fucntions. Understanding all these inter-
actions, what influences them and how they can be modulate to the benefit of
the host, will give us information that we can use to assist the host in
dealing with its tumor.

T lymphocytes have been shown to be important for the protection of a host
against tumor challenge and for the development of immunity to tumors. We have
been investigating two different types of T cell functions, lymphokine produc-
tion and generation of cytotoxicity, to gain insight into how these responses
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are generated and what factors or cells regulate the development of these

functions. These studies, coupled with proposed in vivo experiments, should

provide insight into the relative role of the different T cell activities in

the host response to tumor.

Knowledge of the events that are taking place within the tumor is very

important to help us get a complete picture of the host responses that are

essential for tumor regression. This will also provide us information on the

mechanisms that the tumor may employ to subvert the host response. Previously

we have found that T lymphocytes and macrophages within the tumor can exert an

anti-tumor effect and that macrophages from the tumor can inhibit the develop-

ment of the immune response. Continuing with these types of studies, we have

found that lysosomal extracts from the tumor can have a deleterious effect on

cytotoxic T lymphocytes, presenting another mechanism by which the tumor may

inhibit the host response against it.

Natural killer cells may have an important role in the protection of the

host from tumor induction (immune surveillance) or metastasis, or in the anti-

tumor response after different types of immunotherapy. Investigation of the

characteristics of these cells should result in procedures for their isola-

tion, which would facilitate the assessment of their in vivo role. Studies on

the mechanisms regulating their functional activity should not only provide

insight into the control of the cytotoxic activity of these cells but may also

provide information about the regulation of other cytotoxic effector functions

such as T lymphocytes and macrophages.

Proposed Course of the Project ;

During the next year much of our efforts will be on the activation and

differentiation of macrophages and on the modulation of their functional ac-

tivity. Two different types of macrophage function will be examined: anti-

tumor and immunoregulatory activity. In addition, we will also be studying

some T lymphocyte functions in so far as -they either are affected by macro-

phages or have an effect on macrophage activity.

Anti-tumor activity will be examined in both cytostasis and cytolysis

assays. Initially we will define the kinetics of activation of normal perito-

neal cells with a variety of agents, including macrophages activation factor

(MAF), interferon (IF) and bacterial lipopolysaccharide (LPS). We will then

proceed to investigate the response of other populations of macrophages, such

as those from the bone marrow that have been grown in culture, macrophages that

have been isolated from different growth stages of MSV-induced tumors, and

macrophage cell lines. In the process of these investigations we will also be

attempting to define the different subpopulations of macrophages or the dif-

ferent stages of differentiation that are involved. To do this we are planning

to develop a series of serological reagents which can be used to identify the

subpopulations of cells. We have raised several xenogeneic antisera to a

number of macrophage cell lines and plan to absorb them to make tham specific

for antigens which are present on different subpopulations of macrophages. In

addition we are planning to raise monoclonal antisera to different subpopula-
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tions of macrophages through the production of hybridomas. Macrophage
subpopulations will be further defined by their size and will be separated by 1

g velocity sedimentation.

The immunoregulatory activity of macrophages will also continue to be

examined. Further studies are planned to study the nature of the interactions
taking place between macrophages and T lymphocytes in the suppression of T cell
function by macrophages. We will proceed with the studies on the early events
of lymphocyte activation which are affected by macrophages and which subse-
quently lead to a reduction in lymphokine production and other lymphocyte
functions. As in the studies of the anti-tumor activity of macrophages, we

also plan to examine the effect of MAF, IF and LPS on the induction of suppres-
sor function in macrophages.

Analysis of the functional activity of effector cells infiltrating MSV-

induced tumors will continue. Efforts will be made to determine the in vivo
activity of these cells by performing adoptive transfer studies with different
subpopulations. Studies will also continue on the suppressor activity of the

macrophages from the tumor. We will attempt to determine the role of macro-
phages in the development of the functional activity of T cells within the

tumor.

We will also continue our studies on the modulation of NK activity.

Interferon and prostaglandin E are two mediators that affect natural killer

activity in vivo. Other mechanisms, such as suppressor cells, may also play a

role and we plan to study the regulation of NK activity by all these modulators
under a variety of experimental conditions.
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Project Description:

Objectives :

A. Investigate spontaneous immunological reactivity to mouse mam-

mary tumor virus (MTV), macrophage-mediated cytotoxicity against tumor cells,

and the level of lymphoproliferative response to mitogens in normal virgin

C3H/HeN female mice infected (C3H+) or uninfected (C3H-) with oncogenic MTV.

B. Determine why some strains of mice have macrophages that are

refractory to migration inhibitory factor (MIF) and see if suppressor cells may

partially be responsible for this deficiency.

C. Define the lymphoid cell types within spleens of mice bearing

progressively growing plasmacytomas that are responsible for in vitro suppres-

sion of lymphoproliferative responses to mitogens.

D. Study cell-mediated immune responses against tumor-associated

antigens of mouse lung adenocarcinoma cells and see if suppressor cells are

induced in the face of progressive tumor growth.

E. Determine the specificity of reactivity of mice as well as human

breast cancer patients and benign breast disease patients against MTV, by

studying viruses grown in mouse and feline kidney cells, and their major

antigens including gp52, gp36, p28, pi 4 and plO.

F. Establish optimum conditions for production of supernatants con-

taining high titers of leukocyte inhibitory factor (LIF) from human mononu-

clear cells in response to tuberculin (PPD) or tumor associated antigens.

Determine whether this lymphokine has physicochemical characteristics consis-

tent with LIF.

G. Determine the cell requirements necessary for high titer LIF

production and whether suppressor cells decrease its production.

H. See if release of LIF by blood mononuclear cells could be enhanc-

ed by treatment in the presence of interferon and antigen.

I. Study the migration inhibition reactivity to human lung tumor-

associated antigens by normal donors in close contact with lung cancer.

Methods Employed :

Migration inhibition assays : Indirect agarose microdroplet migra-

tion inhibition tests were run with LIF produced with human mononuclear cells

tested on human indicator polymorphonuclear cells, and migration inhibitory

factor (MIF) production by mouse spleen cells tested on mouse peritoneal exu-

date cells.
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Cytolysis assay : H-TdR labeled target cells were incubated with

different proportions of attacker cells and incubated for 24-72 hours at which

time the supernatants were collected and radioactivity evaluated.

Cytostosis assay : The same samples of cells that were employed to

assess cytolytic activity were also used to determine cytostatic activity. At

the end of the incubation period with effector cells, the uptake of H-TdR by

the target cells was evaluated.

Cell separations : Adherent cells from the spleens of mice, or from

human blood mononuclear cells, were prepared by incubation on microexudate

flasks. The non-adherent cells were then used or further depleted of adherent

cells by Sephadex G-10 separation.

Major Findings ;

Listed below are summaries of our progress and findings during the past year:

I. Development of Cell-Mediated Antiviral and Macrophage Activation in C3H/

HeN Mice Infected with MTV

Spontaneous immunological reactivity to MTV, macrophage-mediated cytotox-

icity against tumor cells, and the level of lymphoproliferative responses to

mitogens were investigated in normal virgin CBH/HeN female mice infected
(C3H+) or uninfected (C3H-) with oncogenic MTV. Spleen cells from C3H+ mice,

14-20 weeks of age, produced MIF upon _in vitro stimulation with MTV. In

contrast, reactivity was never seen with spleen cells of C3H- mice of any age.

Spleen cells of l4-week-old C3H+ mice also spontaneously produced MIF upon in

vitro incubation, indicating that an in vitro activation by MTV may have

occurred. Age-related differences between C3H+ and C3H- mice were also re-

flected by other measures of cell-mediated immune reactivity. Unstimulated
peritoneal macrophages from 14- 20-week-old C3H+ mice were significantly more

cytotoxic than those from younger or older C3H+ mice or from C3H- mice of any

age. In contrast to the MIF production and increased macrophage cytotoxicity
of the 14- 20-week-old C3H+ mice, their lymphoproliferative responses to the

mitogens, PHA, Con A and LPS, were depressed in comparison to C3H- mice of the

same age. This depression was associated with the appearance of suppressor
cell activity, with macrophages from 14- 20-week-old C3.H+ mice capable of

suppressing the mitogenic response of normal spleen cells. The present results
indicate that C3H+ mice spontaneously develop cell-mediated immunity which is

accompanied by the activation of macrophages that are both cytotoxic against
tumor cells and immunosuppressive.

II. Natural Cytotoxicity of Mouse Monocytes and Macrophages

Adherent-phagocyte like cells were obtained from the peripheral blood and

the unstimulated peritoneal cavity of normal C3H/HeN mice and tested for their
cytotoxicty in an in vitro H-TdR release assay and in a growth inhibition
assay. These cells had appreciable cytolytic and cytostatic activity, which
varied with the attacher: target (A:T) cell ratio, against TU5, an SV40 virus-
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transformed BALB/c tumor cell line. Cytolytic activity was first detected

after 48 hr of incubation and was considerably higher at 72 hr. In contrast,

this line was resistant to cytotoxicity by nonadherent lymphoid cells at the

A:T ratios employed, and adherent cells from|_the peritoneal cavity were not

cytotoxic against YAC-1 target cells in a 4-hr Cr release assay. The natural

cytotoxicity of adherent cells from the peritoneal cavity was largely inhibit-

ed by treatment with silica. These results indicated that the natural reactiv-

ity observed here was mediated by macrophages and not by natural killer cells.

The cytotoxic reactivity of the macrophages from normal mice could not be

attributed to activation by a variety of possible in vivo or _in vitro stimuli.

Cells from germ-free nude mice had cytolytic activity, as did cells cultured in

medium containing endotoxin-free fetal bovine serum or normal mouse serum.

Activation by interferon produced in vitro was also unlikely since macrophages
cultured in the presence of anti-interferon were also cytotoxic. As previously

described for activated macrophages, peritoneal macrophages from normal C3H/

HeJ mice were significantly less cytotoxic than macrophages from syngeneic

CSH/HeN mice. The monocytes and macrophages seemed to have somewhat different

properties since the addition of lymphokine-containing medium to the adherent

peripheral monocytes increased their cytotoxicity, whereas no enhanced activ-

ity was observed by adding this supernatant to resident peritoneal macro-

phages. The normal macrophages and monocytes reacted against both syngeneic

(1023) and allogeneic (TU5) tumor cells as well as mouse fibroblast cells

transformed by SV40 virus (SV40-3T3). Similar activity was also observed

against a human cell line derived from a patient with breast cancer (Gil) and

against human fibroblast cells transformed by SV40 (SV40-2931 and SV40-2303),

but not against nontransformed fibroblasts from the same donors. Thus, normal

murine peripheral monocytes and peritoneal macrophages posses natural cytotox-

ic activity that is selective for tumor and virus-transformed cells.

III. Variation Among Mouse Strains in Responsiveness to Migration Inhibitory
Factor

Mineral oil-induced peritoneal exudate cells (PEC) from 10 different in-

bred mouse strains were tested for their responses to MIF. PEC from 5 out of 10

mouse strains responded to MIF, PEC from BALB/c mice showed an intermediate

responsiveness, and PEC from A/ J, C3H/HeJ, CBA/N, and C57Bl/10ScCR mice were

refractory to MIF. MIF responsiveness was not linked to the H-2 complex.

However, a possible link between responsiveness to LPS and MIF. was suggested,

since the mouse strains not responding to MIF were previously reported to be

deficient for responses to LPS. Further, there was evidence that the unrespon-

siveness was due in part to the suppression by a macrophage-like cell in the

PEC population.

IV. Evidence For and Characterization of Suppressor Cells in Mice Bearing

Plasmacytomas

Suppressor cells were demonstrated in the spleens of BALB/c mice bearing

progressively growing the mineral oil-induced plasmacytoma ADJ-PC5. Lympho-

proliferative responses of spleen cells to general T- and B-cell mitogens

became depressed with progressive tumor growth. Correlation of splenic macro-
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phage concentrations with tumor size was demonstrated in ADJ-PC5 tumor-bearing
mice by esterase staining. Thus spleen cells from mice bearing large subcutan-
eous ADJ-PC5 tumors (25-30 mm in diameter) contained more esterase-positive
staining cells than did those from mice bearing small (8-12 mm in diameter) to
medium -size (15-20 mm in diameter) ADJ-PC5 tumors and also correlated with the
degree of depressed lymphoproliferative responses observed. In addition, the
proportion of spleen cells bearing Fc receptors increased with progressive
tumor growth in ADJ-PC5 tumor-bearing mice. Treatment of spleen cells from
tumor-bearing mice by passage through Sephadex G-10 columns or by incubation on
plastic surfaces for 2 hours at 37 C to remove adherent cells also restored
mitogen-induced lymphoproliferative responses to normal levels. Admixing of
plastic-adherent cells or G-10 column-adherent cells from tumor-bearing mice
with cultures of normal spleen cells likewise reduced the proliferative re-
sponses of these cells to mitogen. These data suggest that esterase-positive
staining adherent cells were involved in the suppressed proliferative re-
sponses to T- and B-cell mitogens observed in plasmacytoma-bearing mice.

V. Cellular Immunity Against Mouse Lung Adenocarcinoma

Indirect migration inhibition reactivity against 3M KCl extracts of MAD-
109 lung adenocarcinoma and an unrealted plasmacytoma were run as a function of
progressive MAD-109 growth. MIF was consistently produced by syngeneic BALB/c
mice bearing 15-20 mm (diameter) sized tumors, whereas mice with small (7-10
mm) or large (30-35 mm) local tumors and metastases generally failed to respond
to the extract of MAD-109. MIF was not produced in the animals in response to
the extract of the antigenically unrelated plasmacytoma. The production of MIF
with the MAF-109 extract was T cell-dependent, as evidenced by lack of its
production following treatment of spleen cells from mice bearing 15-20 mm
tumors with anti-Thy 1.2 and complement. In addition to depressed MIF produc-
tion in response to MAD-109 extract, lymphoproliferative response to T- and B-
cell mitogens were also depressed in mice bearing large (30-35 mm) tumors.
However, spleen cells lacking responsiveness to mitogens in lymphoprolifer-
ation assays, and to tumor extract in MIF assays, were still capable of produc-
ing MIF following mitogen stimulation with Con-A or LPS. Whether suppressor
cells, possibly specific for tumor antigen, were present in mice with large,
progressively growing tumors is unknown.

VI. Cellular Immunity to MTV and its Major Antigens in Patients with Breast
Cancer and Benign Breast Disease

Cellular immunity of patients with breast cancer or benign breast dis-
ease, against mouse mammary and feline kidney cell derived MTV and gp52, gp36,
p28, pi 4 and plO antigens of MTV, was measured by indirect migration inhibition
assays. Cultures of mononuclear cells with antigen were performed in conical
micro fuge tubes (with 5 x 10 cells) and production of LIF was evaluated by
inhibition of migration of polymorphonuclear cells from agarose droplets. 50-
60^ of breast cancer pa,tiervts were reactive to all antigens, with supernatants
having LIF titers of 10 -10 . Patients with benign breast disease also reacted
with MTV (30-40?). Reactive supernatants were fractionated on Sephadex G-200
and the activity had a MW of 68,000, consistent with LIF. Results demonstrate
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that some breast cancer and benign breast disease patients produce high titers

of LIF to MTV and pg52. The reactivity is not just directed against antigens

of normal mammary cells since feline kidney cell-MTV produce LIF. High titered
LIF production required monocytes (<_0.25?) and seemed dependent on optimal
cell-cell contact in conical tubes. Unreactivity by patients could not be

attributed to blocking factors since trypsinization or extensive washing of

mononuclear cells before antigen exposure did not induce reactivity.

Patients' mononuclear cells contained Sephadex G-10 adherent suppressor cells

which may account for unresponsiveness of some breast cancer patients. Suffi-
cient data are still unavailable to assess reactivity against the other anti-
gens (gp36, p28, pi 4 and plO) of MTV. Similar studies are also still in

progress to evaluate the reactivity of these MTV antigens in C3H+ and C3H-

female mice.

VII. Cellular Immunity in Patients with Breast Cancer and Correlation with

Subsequent Clinical Course

For the past several years, patients with operable breast cancer were

evaluated during the first several months after surgery, to determine their

general immunologic competence and their reactivity to tumor associated anti-
gens. Lymphoproliferative (LP) responses to phytohemagglutinin (PHA), to al-

loantigens in mixed lymphocyte cultures (MLC), and to tumor associated anti-
gens in antologous tumor extracts were measured. Production of LIF during
cultures with autologous tumor extracts was also evaluated. We have recently
analyzed the correlation between reactivity in each of these assays with the

subsequent clinical course of the patients. Depressed LP responses to PHA were
frequently seen in patients after surgery but depression was not correlated
with prognosis. In contrast, and rather unexpectedly, patients with depressed
responses in MLC were found to remain disease-free significantly longer than
breast cancer patients with normal or above normal responses. LP reactivity to

antologous tumor extracts was associated with a significantly lower rate of
recurrence. When results of LP in MLC and to tumor antigens were combined the

prognostic value was increased. Most recurrences occured among patients who
were unreactive against tumor antigens and yet had normal or elevated responses
in MLC. Production of LIF in response to autologous tumor antigen had a higher
incidence of recurrence and when this parameter was added to the two LP para-
meters, even better prognostic discrimination was provided.

VIII. Production and Characterization of Mononuclear Cell Supernatants with
High Titers of LIF Activity

Studies were performed with an indirect agarose microdroplet migration
inhibition assay, to maximize the production of LIF from peripheral blood mono-
nuclear cells stimulated with PPD. LIF activity was evaluated by the ability
of various dilutions of culture supernatants to inhibit migration of polymor-
phonuclear cells from agarose droplets. Supernatants with titers of >10 -

10 of LIF activity were producted by cultuiiing mononuclear cells at high cell

concentrations with conical tubes (2 x 10 cells in 50cc tubes and 5 x 10

cells in Microfuge tubes), whereas supernatants from round-bottom tubes con-

taining low (5 X 10 ) or high (2 x 10 ) mononuclear cell numbers or those from
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50cc conical tubes with low (5 x 10, ) mononuclear cell numbers failed to

produce LIF titers higher than U-10 . Generation of high titered LIF in

conical tubes was dependent on stimulation with antigen and only tuberculin
skin test positive donors responded. Further, production of the highly active
supernatants was shown to be monocyte dependent, with abrogation of activity by
Sephadex G-10 column depletion of monocytes and restoration of activity with

<_0.255 autologous monocytes. The mechanism underlying the ability to generate
such remarkable high titers of LIF activity by simple changes in culture
conditions are not clear, but the results point toward the importance of
optimal contact between responding lymphocytes and monoctyes. Sephadex G-200
column fractionation of high titered supernatants revealed that the active
fractionCs) had a molecular weight of slightly less than 68,000 daltons, which
is consistent with previous resports for LIF. Additional physicochemical
studies demonstrated that LIF actjivity in high titered superantants was Jplock-

ed by 10~ M a-L fucose and 10~ M Nacetylglucosamine, but not by 10~ M a-D
fucose or glucose. The development of this miniaturized method for production
of supernatants with high titers of LIF should facilitate quantitative assess-
ment of cell-mediate immunity and further physicochemical studies on LIF.

IX. Release of LIF by Mononuclear Cells in the Presence of Interferon and
Antigen

It has previously be demonstrated that interferon (IF) has the ability to

augment allograft rejection responses and cell-mediated cytotoxicity reac-
tions. The present study was designed to determine whether IF could induce or

boost release of human lymphokine (LIF) by mononuclear cells exposed to anti-
gen. Mononuclear cells from tuberculin skin test negative individuals were
incubated with PPD for 2 hours with or without IF, washed and then cultured for
24 hours. Culture supernatants were harvested and assayed for LIF activity by
the inhibition of migration of human polymorphonuclear cells from agarose
microdroplets. In the absence of IF, none of 22 tuberculin skin test negative
donors produced LIF in response to PPD. In contrast, 18/25 (7255) released LIF
following PPD stimulation in the presence pf IF. LIF was detectable after the
exposure of the cells from some individuals to as little as 33 units of IF and
100-333 units were sufficient with most of the other donors. Since the mono-
nuclear cells were only exposed to IF and antigen for the first 2 hrs of
culture, it appears that stimulation of the cells, or at least binding, occurs
rapidly. The stimulation of lymphokine release was depenilent on the initial
presence of antigen as well as IF, since cells treated with IF in absence of
PPD gave negative results. However, the stimulation of release of LIF by IF

was not limited to culture with PPD, since LIF was also detected after exposure
of mononuclear cells from normal donors in response to IF plus a 3M KCl extract
of lung adenocarcinoma. None of 30 donors reacted to extract alone, but 13/30
{^3%) released LIF in response to the extract plus IF. These results demon-
strate that low concentrations of IF can induce the production and/or release
of lymphokine in response to bacterial and tumor associated antigens. It is

possible, that individuals giving positive LIF responses to PPD and the lung
cancer antigen in the presence of IF had been presensitized to these antigens,
or to cross-reactive antigens, and that stimulation in the presence of IF

augments the usually undetectable cellular immune responses. Another possi-

616



Z01 CB 08522-03 LID

bility, that seems more likely, is that IF facilitates the in vitro induction

of primary immune responses to various antigens.

X. High Incidence of Migration Inhibition Reactivity to Lung Tumor-Antigens by

Normal Donors in Close Contact with Lung Cancer

Mononuclear cells from approximately 50$ of lung cancer patients react to

a 3M KCl extract of lung adenocarcinoma and produce a soluble factor (presum-

ably leukocyte inhibitory factor) that inhibits migration of polymorphonuclear
cells. We also observed a high incidence of reactivity against this antigen by

normal donors. When these normal donors were classified according to contact

with lung, cancer patients or materials 30/40 (755^) of normal individuals in

lung cancer contact were reactive as compared to only 3/76 {h%) who had no

contact with lung cancer (P< 0.001). Of donors involved in direct care of lung

cancer patients, 14/20 (7055) were positive, while only 2/10 (20$) of hospital
personnel who worked with non-cancer patients were reactive. A total of 9/12

(75$) tests were positive with laboratory personnel who handled blood and

tissue specimens from lung cancer while 0/5 laboratory workers who worked with

cancer materials unrelated to lung were positive. Also, 0/13 personnel working

in laboratories adjacent to those where lung cancer tests were performed were

reactive. No blood bank donors (0/16) or secretarial and clerical staff (0/11)

who work in biomedical laboratories were positive. Reactivity was not corre-

lated with smoking history. Most smokers and non-smokers not in contact with

lung cancer were unreactive. The results suggest a horizontal transmission of

reactivity against antigens associated with lung cancer. Further, the indivi-

duals who were positive appeared to require direct contact with lung cancer

patients or materials. However, these data do not necessarily imply transmis-

sion of an oncogenic agent.

Significance of Research :

The ability to sucessfully develop sensitive and reproducible cellular

immunity microassays for measuring reactivity against tumor-associated anti-

gens is of considerable interest and importance. This should permit the possi-

ble application of the assay for diagnosis of cancer or for monitoring disease

progression or regression following treatment. This would fall under Objec-

tive IV, Approach 4 of the National Cancer Plan.

Detection of cellular immune reactivity of breast cancer patients to

antigens of mouse mammary tumor virus may be valuable for the diagnosis and

monitoring of breast cancter patients. Further, such cross-reactivity may

ultimately shed light on the etiology of human breast cancer. This would fall

under Objective V, Approach 4 of the National Cancer Plan.

Defining immunological depression as a function of tumor growth as it

relates to imbalances or defects in the immune system may allow for identi-

fication of individuals at higher risk of developing recurrent disease after

primary therapy and may lead to more effective methods for controlling the

growth of tumors. Studies of spontaneous immunological reactivity to MTV and

of the levels of cytotoxic reactivty by macrophages and natural killer cells.
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at various times prior to overt primary tumor formation are of critical impor-
tance to the overall underatanding of the balance between host resistence and
immune depression during the early phases of the oncogenesis process. Informa-
tion obtained in such studies may be helpful to design strategies for preven-
tion of tumorigenesis

The finding that normal individuals in close contact with lung cancer
patients or specimens develop cellular immunity to tumor associated antigens
may be quite relevant in ultimately understanding the etiology of lung cancer
or the nature of the antigens recognized in extracts of human lung tumors.

Future Studies :

We will continue to perform selective testing of breast cancer patients in

attempts to better clarify the immunological specificity of the antigens
associated with breast tumors and the nature of the cross-reactivity with those
of mouse mammary tumor virus. We will further attempt to determine the pat-
terns of immunological interrelationship between breast carcinoma and some
histological types of benign breast disease lesions (e.g., papillomas).

Emphasis will be placed on attempting to define why a proportion (approxi-
mately 505?) of breast cancer patients, as well as animals with growing primary
mammary tumors are or become unresponsive to antigens associated with these
tumors. We will perform in-depth investigations of the possible role of T-
lymphocyte and monocyte suppressor cells in causing this unresponsiveness and
will attempt to develop approaches to reverse these defects.

Efforts will also be made to confirm and extend our recent observations of
a correlation between immunologic reactivity of postoperative breast cancer
patients and subsequent clinical course. It will be important to determine
whether one or more of the assays can identify, soon after surgery, patients
within a clinical-pathologic stage of disease who are at high risk of develop-
ing recurrences. Such patients then might be selected for more intensive
adjuvant chemotherapy or immunotherapy.

We will perform basic experimentation into early immunological changes
(prior to evidence of clinical tumor) that may either predict, or be associated
with the cause of, the progression of the oncogenesis process. -These studies
will be performed in the C3H/HeN mouse model and both general and antigen-
specific cellular immunity assays will be performed in conventional and nude
hosts of various ages to better define what role macrophages and T-lymphocytes
play in these early events.

The leukocyte adherence inhibition (LAI) assay has been claimed to be a

simple and powerful alternative method for detection of cell-mediated immunity
in cancer patients. However, the mechanism(s) underlying the LAI assay and its
relationship to migration inhibition assays are not clear. During the next
year, an LAI assay will be set up in our laboratory by one of the originators of
the test and detailed studies will be performed to determine whether a lympho-
kine is involved and if so, whether it is the same or similar to LIF or other
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previously described lymphokines. Furthermore, diagnostic value of the LAI
assay will be assessed by a study or coded samples from patients suspected of
having cancer.

Studies of the basic immunology of lymphokine production (human leukocyte
inhibitory factor) and the cellular requirements for optimum production fol-
lowing antigen stimulation will be continued. The influences of "defective"
monocytes or "activated" monocytes on LIF production will be carefully examin-
ed, as well as whether T suppressor cells may influence its production. We
will determine the degree of cell-cell cooperation and contact that is required
for optimum production and the influences of other soluble mediators (e.g.,
interferon) or factors (e.g., prostaglandins) on production. We will initiate
collaborative studies with other investigators in this field, to exchange
supernatant reagents and methodologies in attempts to better understand the
nature of LIF or closely associated lymphokines.

Based on our previous studies of spontaneous mouse mammary tumors and our
knowledge of some of the immunologic factors detectable during the latent
period, as well as during the period of overt tumor growth, we plan to perform
studies on i mmunoprophylaxis and immunotherapy. Emphasis will be placed on

adoptive transfer of immune T cells, maintained in culture by repeated stimula-
tion with T cell growth factor.
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Project Description :

Objectives : The objectives of this project are: 1) purify and character-

ize human tumor-associated antigens, 2) compare purified antigens in terms of

their physicochemical properties and their structural and immunochemical re-

lationships, 3) develop radioimmunoassays (RIA) for quantitating these anti-

gens, 4) assess the usefulness of the RIA in the diagnosis of lung cancer and

for monitoring the course of disease, 5) study the biological role of these

antigens in the maintenance of the tumor, 6) isolate and characterize cell

migration inhibition factors, 7) develop a radioreceptor assay for these

factors and 8) study the biochemistry of cellular events in response to

purified factors.

Methods Employed : Radioiodination of purified protein antigens. Radio-
immunoassays using the purified, trace-labeled protein antigens. Standard

biochemical isolation techniques including gel filtration, ion-exchange chro-

matography, dye-binding chromatography, affinity chromatography, acrylamide

gel electrophoresis, isoelectric focusing etc. Standard biochemical anal-

ytical procedures including sedimentation velocity/equilibrium ultracentri-

fugation, binding of radiolabeled proteins to antibodies, cell surfaces, or

affinity adsorbents. Scatchard analysis of binding data. Organic synthesis of

photoaf f inity labeling compounds including product characterization by ultra-

violet absorption spectroscopy. Use of enz3rmes in studies involving photo-
affinity inactivation. Use of lectins in development of radioreceptor assays

and in studies of mechanism of inhibition of cellular migration. Other

standard biochemical laboratory procedures and techniques.

Major Findings :

I. Studies on a Human Lung Tumor-Associated Antigen
We have continued our work on the biochemical and immunochemical studies

initiated in our lab on a human lung, tumor-associated antigen (hLTAA)

.

Considerable emphasis has been placed on refinement of the radioimmunoassay

(RIA) for this substance and the assessment of the diagnostic and/or prognostic

value of this new assay in human lung cancer. Details of this work have been

presented at four international meetings during the past year.

We have purified and physicochemical ly characterized this hLTAA from two

tumors and have shown them to be virtually identical. Previous serologic data

indicated its presence in 85% of all lung tumors and its absence from normal

lung and other tissues as well as fetal lung and normal adult serum. The RIA

which was developed was capable of distinguishing normal from lung cancer sera

but detected high levels of cross-reactivity in normal sera.

Recently we have identified the normal serimi component responsible for

cross-reactivity as alpha-1-antichymotrypsin ( a. ACT). The methods employed

in this identification were dependent on the RIA ror the hLTAA. Monospecific

commercial antisera were used to detect serum proteins which co-purified with

the inhibitor. Additionally, these antisera were used to deplete samples of
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normal human plasma of their respective antigens and when subsequently tested
for inhibition in the hLTAA RIA, only sera depleted of a ACT were no longer
inhibitory.

This normal serum glycoprotein has been purified to homogeneity using gel

filtration, ion-exchange chromatography, dye-binding chromatography and pre-
parative gel electrophoresis. Throughout all purification steps, inhibitory
activity in the RIA coincided with precipitating reactivity with coimnercial

antisera to a/ ACT. In addition, a quantitative radial immunodiffusion assay

has also been developed for a ACT using the commercial antisera, which has been
useful in these studies. A similar quantitative assay has also been developed
for the hLTAA using our lung tumor antisera. Although less sensitive than the
RIA, the radial diffusion assay has the advantage that it is not interfered
with by the CL ACT and therefore measures only hLTAA.

We have recently made use of the radial diffusion assay for a ACT in

conjunction with the RIA for hLTAA for quantitating these reactivities in

normal and pathologic sera. Whereas the RIA can discriminate normal from lung

cancer sera, a very high basal level in normal sera due to the cross-reacting
a^ACT had to be tolerated. By simultaneously quantitating the sera with the

ct.ACT radial diffusion assay as well as the RIA, the extent of inhibition in the

RLTAA measurement by RIA could be approximated by assessment of a. ACT levels
using the independent assay. Using this approach we found that patients with
cancers other than lung had varying degrees of elevations, relative to normal
sera, of a .ACT which corresponded on a 1:1 basis with their hLTAA levels by
RIA. On the other hand, when this analysis was applied to lung cancer sera, we
found a significant proportion of individuals with high levels of hLTAA reacti-
vity and normal levels of a^ACT, indicating that at least in some cases, the

high circulating levels detected by RIA were not entirely due to elevations in

a ACT.

With the knowledge of this immunogenically related seriom protein and with
the new radial diffusion assays, we have initiated a search for a hLTAA
distinct from ct ACT. Our initial lung tumor antiserum has several specificites
which remained after extensive adsorptions and we have recently isolated anot-
her protein which is reactive with this antiserum but not with commercial
antisera to ot ACT. Furthermore, this new antigen is totally separated from

a,ACT by DEAE-cellulose chromatography, and concentrated antigen preparations
show no reactivity with antisera to ct ACT. A new radioimmunoassay has been
developed which is not inhibited by normal human serum except at very high
concentration. Clinical samples are about to be analyzed using this new assay.

II. Studies on Breast Cancer-Associated Antigens

An attempt has been made during the past year to raise antisera to a

series of highly purified proteins from MCF-7, an established human breast
cancer cell line, which display skin reactivity in patients with breast cancer.

Only low-titered antisera have been obtained to date which has hampered our

attempts at developing a radioimmunoassay. Our approaches and goals in this

project closely parallel those set forth in the lung tumor antigen work descri-
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bed above. However, this project may not be continued during the next fiscal

year so that greater emphasis can be placed on the lung antigen project.

III. Biochemical Studies on Human and Murine Cell Migration Inhibition

Factors

Work has continued on the human leukocyte migration inhibitory factor

(LIF) , in collaboration with Dr. James L. McCoy in this laboratory, and this

work is summarized elsewhere in this report.

In collaboration with Dr. Howard T. Holden of this laboratory, we have

pursued our studies on mouse migration inhibition factor (MIF). Emphasis has

been placed on the development of affinity techniques, using monosaccharide
adsorbents for isolating MIF activity in partially purified forms. This mater-

ial is being radiolabeled and binding studies with mouse macrophages are being

conducted.

Using fucose-Sepharose affinity adsorbents we have been able to isolate

MIF activity which binds to the gel and is desorbed with fucose solutions.

After radiolabeling this bound and eluted fraction, the preparation shows

considerable heterogeneity on SDS and non-detergent acrylamide gels. Never-

theless, it is still possible to demonstrate significant binding (2-24%) of

this radiolabeled preparation to either mouse PEC or to a mouse macrophage cell

line, WEHl-3. With either cell type, binding is complete after about 30 min.

at 22° C. We have not yet been able to inhibit this binding with MIF super-

natants . Part of this problem may be eliminated by using another cell line

which responds better than the WEHl-3 to MIF in the migration assay. This may

help to standardize the assay and eliminate some problems with

reproducibility. Also, more highly purified preparations of radiolabeled MIF

will be used as the source of trace-labeled binding reagent.

As an alternative to this approach we have investigated the development of

a MIF-radioreceptor assay based on its affinity for fucose when this sugar is

attached to Sepharose beads, as stated above. A fucose binding lectin from

Lotus tetragonolobus has been radioiodinated and its binding to fucose-

Sepharose beads studied. We have obtained kinetic and dose responses and hope

to make use of this binding as the basis for a competitive .binding assay.

Since the binding of both MIF and lectin to fucose-Sepharose is blocked by

fucose, it seems likely that both are binding specifically, and to the same

site on the gel. Thus, the inhibition of binding of labeled lectin by MIF

would be anticipated as long as both bind with reasonably similar affinities.

In addition, binding of labeled lectin to mouse macrophages is being performed
with the same goals as described for the fucose-Sepharose beads. We have found

that mouse PEC, when pre-incubated for 1 . 5 hr with Lotus lectin, are inhibited

in their ability to migrate. This inhibition of migration is not due to cell

toxicity or agglutination and it is therefore possible that the lectin mimics

MIF activity by binding to the fucose portion of the MIF-receptor and inducing

a similar response. Radiolabeled lectin binding to PEC will be evaluated as

another possible basis for a MIF radioreceptor assay.
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Studies on the binding specificity of MIF to carbohydrate components of

the macrophage cell surface are being continued and a new approach to this

problem has very recently been attempted. Thus we are developing a photo-

affinity probe, 4-azidophenyl-alpha-L-fucopyranoside (4-APF) , which will be

used to inactivate MIF by covalently attaching this compound to the sugar

binding site of the lymphokine in a light-dependent reaction. We have success-

fully synthesized the photo-sensitive compound in a simple two-step reaction

with good yield and the product has been characterized. Model experiments have

been conducted demonstrating the ability of 4-APF to inactivate the enzyme

ct-L-fucosidase. This model system is being used to define optimal conditions

for inactivation. Similar photoaf finity probes containing sugars other than

fucose will then be synthesized and tested for their ability to inactivate MIF.

The significance of this approach is that it more directly addresses the

problem of the sugar binding specificity of MIF. Reports in the literature by

other groups describe their inability to reproduce each other's findings as

well as discordance in results obtained. It is hoped that this new approach

will settle some of these issues.

In addition we are pursuing more classical attempts at demonstrating the

carbohydrate binding specificity of MIF. As has been shown with guinea pig MIF

in other laboratories, we are currently trying to block MIF action by the

addition of soluble fucose. Preliminary experiments indicate that fucose can

in fact at least partially prevent mouse MIF activity, as well as completely

block human LIF activity. Studies of these types may lead to a better under-
standing of the nature of the MIF receptor and the events initiated by this

interaction.

Significance to Biomedical Research

The significance of the hLTAA work is two-fold: 1) The need for develop-

ment of a new diagnostic test for lung cancer is clearly indicated. A
sensitive and specific RIA capable of detecting hLTAA in sera could potentially
provide a powerful tool for initial diagnosis and for monitoring the response

of tumor in therapeutic trials and may provide a parameter for deciding when to

alter the course of therapy. 2) Our studies indicate that at least one form of

a hLTAA is immunochemical ly similar to, but physically separable from a, ACT,

suggesting in fact a type of product-precursor relationship. Production of a

protein of this type by a tumor has interesting theoretical implications which

could yield increased understanding of basic mechanisms involved in the

process of malignant transformation.

The work with the lymphokines, LIF and MIF, is directed at obtaining an

understanding of these substances at the molecular level. Only with purified

materials can studies be performed which will shed light on their mechanism of

action. Basic studies on the nature of the cellular receptor(s) will aid in

the development of a radioreceptor assay for these lymphokines. The prototype

experiments being done with the mouse system should lead to the development of

a quantitative, reproducible assay which would facilitate purification

studies. Hopefully these studies could be extrapolated to the human lymphokine

problems. In all, these findings will advance our fundamental understanding of
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the chemistry and biology of these substances.

Proposed Course

During the next year we plan to continue these studies as follows:

I. HLTAA Studies

1. We will continue our evaluation of the hLTAA RIA for its useful-

ness in diagnostic and prognostic problems related to lung cancer. The inter-

ference in this assay caused by a ^ACT will have to be eliminated in order to

increase the specificity of the assay. Attempts have and will continue to be

made to either inactivate or remove the a ,ACT and leave the hLTAA intact and

fully reactive with antisera. Our search for alternate hLTAA forms not cross-

reactive with cf^ACT will continue (item #4 below).

2. The purification of a, ACT, having recently been completed, will

allow a better comparison between it and the hLTAA. Physicochemical character-
ization will be performed to the extent necessary for comparative evaluation.

Possible product-precursor relationships will be examined by attempting to

convert one form to the other by various treatments, including incubation with

proteolytic enzymes or tissue extracts containing processing enzymes.

3. Identification of a tissue culture cell line producing hLTAA will

be attempted, for the purpose of providing a constant source of antigen for

future studies as well as for biosynthetic studies on the antigen.

4. Additional antigenic material will continue to be isolated from

lung tumor extracts. Attention will be paid to the difficulties with cross-

reactivity experienced in the past,

5. Studies will continue on a new hLTAA which appears to be homogen-

eous after three steps of purification and to be free from cross-reactivity

with a ACT or any other serum protein. Work on a RIA for this antigen is in

very preliminary stages and will be continued. Numerous serum samples from

lung cancer patients have been provided to us for testing in our assay by

investigators from several laboratories in different countries. If this new
antigen is clinically relevant according to the RIA, then complete biochemical

characterization will be performed and a search for a constant source of the

antigen made.

6. The possible usefulness of ct ACT serum levels as a marker for

lung cancer will be assessed using the radial diffusion assay on the serum

samples now in our possession.

II. Ljnnphokine Studies

1. Work will continue on the use of sugar affinity adsorbents as a

first step in MIF/LIF isolation.
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2. Photoaf finity labeling studies have proceeded well with a model
system. This work will be pursued in an attempt to define the sugar binding
specificity of MIF/LIF.

3. Binding studies of radiolabeled MIF and Lotus lectin to mouse
macrophages and fucose-Sepharose gel beads will be continued in an attempt to

use this binding as the basis for a radioreceptor binding assay. More highly
purified MIF preparations along with the acquisition of a MIF-sensitive macro-
phage cell line should help promote this aspect of the project.
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LABORATORY OF IMMUNOBIOLOGY

SUMMARY REPORT

October 1, 1978 to September 30, 1979

INTRODUCTION

The research program of the Laboratory of Immunobiology continues to

be aimed at the establishment of methods to kill tumor cells in vitro,

to eliminate tumors and metastases in vivo and to overcome the possible

suppression of host immunity by tumors. The degree to which these aims

have been achieved so far has depended mainly on basic studies of the

fundamental mechanisms responsible for the host's immunologic resistance

to oncogenesis. In the Cellular Immunity Section studies have continued

with a guinea pig model on the development of procedures for active specific

immunization against malignant disease remaining after surgery. Previous

results,. in which immunization with living tumor cells mixed with BCG

cell walls was successful have been complicated by the observation that

occasionally tumor cells in the immunizing mixture grew progressively

and produced malignant disease. Successful immunization without outgrowth

of tumor cells was achieved by using X-irradiated tumor cells in the

immunizing mixture. Immunotherapy has not improved the results of surgery

for stage II malignant disease in the guinea pig model. One factor that

may have contributed to the ineffectiveness of immunotherapy of guinea

pigs with stage II disease was the occurrence of lung metastasis after

surgery. Immunotherapeutic procedures are being designed to deal with

visceral metastasis that occur as a consequence of dermal implantation

of tumor. A majority of cows treated for naturally occurring ocular cancer

by intratumoral administration of BCG cell walls have either had their

lives prolonged significantly or have remained tumor free for the duration

of a clinical trial of immunotherapy. Natural and synthetic analogs

of bacterial components are being studied to find agents with maximal

antitumor effects and minimal toxicity in, the intralesional immunotherapy

of mice and guinea pigs with experimental cancer. Killed _M^ bovis (BCG)

or their cell walls (CW) incorporated in emulsified mineral oil droplets

were immunotherapeutically at least as effective as living BCG and lacked

the toxicity caused by intratumoral injection of the viable organisms.

Human patients with primary cancer in the region of the head and neck

have been treated by intralesional injection of emulsified CW followed

by conventional surgery. The only toxic manifestation observed after

CW injection was elevated temperature which returned to normal on the

day following administration of the mycobacterial preparation. In a

previous study in which patients with primary melanoma were treated by

the intralesional injection of living BCG followed by surgery, several

patients acquired a systemic BCG infection and some experienced a severe

but temporary loss of platelets. Optimal proportions of ingredients

in immunotherapeutically active emulsions of mycobacterial components

have been determined. The naturally occurring oil squalene as well as

squalane, a derivative of this oil, have been found to be effective substi-

tutes for mineral oil in emulsions of mycobacterial components. Emulsions
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of trehalose-6-6'-dimycolate (cord factor), a naturally occurring glycolipid
of mycobacteria, as well as two synthetic analogs of cord factor have

been found to be immunotherapeutically active against a transplanted

mouse fibrosarcoma. In studies on the influence of BCG on the development
of tumor rejection in mice against tranplants of chemically induced syngeneic
fibrosarcomas, a pair of tumors was found in which mice immunized with
one of these tumors were capable of rejecting a challenge inoculum of

cells from the other tumor. Studies are in progress to determine whether
viruses known to be present in these tumor lines may be responsible for

the observed cross-protection. Rabbit antiserum to a murine melanoma
administered systemically to mice prevented the growth of a challenge
inoculum of the syngeneic melanoma cells. Macrophages appear to be required
for this antibody dependent antitumor effect. Conditions have been found

to promote the in vitro proliferation of spleen (T) cells from guinea
pigs. Attempts will be made to sensitize these cells against tumor antigens
in vitro and to test them for their ability to generate adoptive antitumor
immunity in vivo. In the Humoral Immunity Section additional studies
on the response of nucleated cells to attack by antibody and complement
have strengthened the conclusion that lipid synthesis but not DNA, RNA,

protein or complex carbohydrate synthesis, is the mechanism through which

the cell's drug-induced susceptibility or hormone-induced refractoriness
to immune killing is modulated. The synthesis of specific lipids and

their incorporation into plasma membranes have been found to be associated
with the response of nucleated cells to drug or hormone treatment. Studies
with cell lines from different species indicate that modulation of lipid

synthesis can be used to vary the susceptibility of tumor cells and perhaps
other nucleated cells to killing by antibody and complement. Studies
are continuing on the events that occur on cell surfaces that lead to

antibody and complement mediated cytolysis. Among these events is the

formation of channels through the cell membrane. The transmembrane channels
were found to vary in size depending on the conditions under which they
were produced. Antigens or their substructures coupled artificially
to the surface of red blood cells or tumor cells bind specific antibodies
and the interaction of complement with these immune complexes under certain
conditions leads to lysis of the cell. Immune complexes on cell surfaces
that do not lead to complement dependent cell killing directly can be

made to do so indirectly by the addition of appropriate antibodies that
react specifically with the bound immunoglobulin. These studies may
provide new insights into the mechanisms of interactions among antigens,
immunoglobulin and complement as well as practical methods. for. the- detection
of these reagents in the same range of sensitivity as radioimmunoassay
without the need for radioactive labels. Studies have continued on the

development of a general immunologic assay method using radiolabeled
protein A (which reacts specifically with IgG antibody) and on the molecular
basis of the interactions of Protein A with IgG and antigen. In the

Immunopathology Section studies are continuing on mechanisms that may
account for the accumulation and activation of mononuclear cells such
as macrophages at tumor sites, for the killing tumor cells by activated
macrophages and the production and activation of lymphotoxin. It was
reported previously that the blood monocytes of some cancer patients
showed depressed chemotaxis. This observation has led to a study of

different kinds of chemotactic factors. The results of these studies
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indicate that a majority of the monocytes have distinct receptors for

each of the factors so far studied. An animal model has been developed

to study the tumor-associated cheraotaxis abnormality. A serum requirement

for chemotaxis in vitro has been identified as albumin or a factor bound

to albumin. Studies with strains of mice that have genetically determined

defects in immunologic reactivity have led to the discovery that activation

of macrophages for tumor cytotoxicity occurs in a series of distinct

steps. Recent findings suggest that the production of lymphotoxin requires

the cooperation of two different kinds of cells.

I. CELL MEDIATED KILLING OF TUMORS

A. Immunotherapy of malignant disease remaining after surgery. Efforts

to develop a safe and effective vaccine for the immunologic destruction

of microscopic metastases remaining after surgery have continued. Guinea

pigs each with an established dermal tumor and microscopic metastasis

in the superficial distal axillary lymph nodes were treated by excision

of dermal tumors followed by immunotherapy consisting of intradermal

inoculation of living tumor cells admixed with emulsified mycobacterial

(BCG) cell walls. Progressive growth of microscopic metastases after

surgery could be prevented in a majority of animals by immunotherapy.

Unimmunized animals developed progressively growing lymph node metastases

and died permaturely. Immunotherapy was specific since animals treated

by surgery followed by administration of BCG cell walls together with

cells from a syngeneic hepatoma, immunologically distinct from the dermally

implanted tumor, failed to eradicate microscopic lymph node metastases.

Treatment of animals by specific immunization was effective whether

the mixture of tumor cells and BCG was administered in the region of

the micrometastasis or remote from it. Optimal conditions were sought

for immunotherapy by administration of tumor cells and BCG remote from

the metastasis. The immunizing mixture was injected on the side contralateral

to the site of dermal tumor excision. This form of immunotherapy was

highly effective in eradicating remote lymph node metastasis, but in

some animals tumors grew at the injection site. Tumor cells rendered

nontumorigenic by X or gamma irradiation when admixed with BCG CW functioned

to eradicate microscopic metatasis, but the number of irradiated tumor

cells required to produce an effective mixture was greater than that

for unirradiated cells. Immunization with irradiated tumor cells alone,

oil-in-water emulsions of BCG cell walls alone, irradiated tumor cells

plus emulsified mineral oil without BCG, or irradiated tumor cells plus

BCG cell walls in a saline solution rather than oil emulsion failed

to retard the outgrowth of microscopic metastases. Checkerboard titrations

were performed to determine the optimal quantities and proportions of

tumor cells and BCG cell walls required for eradication of metastases.

B. Treatment of clinical stage II malignant disease by combinations

of surgery and immunotherapy. Immunotherapy has not improved the results

of surgical treatment of stage II malignant disease resulting from intradermal

implantation of line-10 hepatoma in strain 2 guinea pigs. Removal of

the dermal tumor and axillary lymph nodes by forequarter amputation

when the superficial distal axillary (SDA) lymph node was 10 mm in diameter

or less cured 70 percent of animals. When the size of SDA lymph nodes
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was greater than 10 mm in diameter, microscopic metastases were present
in cervical lymph nodes and forequarter amputation was less effective
than the same treatment given when the SDA node was smaller than 10

mm. Systemic transfer of peritoneal exudate lymphocytes from guinea
pigs specifically immunized against line 10 hepatoma or active immunization
with vaccines containing BCG cell walls failed to improve the results
of radical surgery. Recent experiments have shown conclusively that
lung metastasis is one of the consequences of the disease produced by

intradermal implantation of line-10 hepatoma cells. The elapsed time

between dermal implantation of tumor cells and surgery as well as the

extent of surgery have a significant influence on the duration of survival
of guinea pigs and the proportion of guinea pigs found to have grossly
visible pulmonary metastases at autopsy. Strain-2 guinea pigs that
were not treated after receiving an intradermal injection of 10 line-
10 tumor cells died with malignant disease an average of 52 days after
tumor inoculation; at autopsy 355S of these guinea pigs showed grossly
visible pulmonary metastases. Strain-2 guinea pigs that had their dermal
tumors locally excised 7 days after tumor inoculation survived an average
of 78 days; at autopsy, 50? of these guinea pigs showed visible pulmonary
metastases. Animals treated by local excision of their dermal tumors
21 days after tumor inoculation survived an average of 72 days; at autopsy,
80? of these animals had visible pulmonary metastases. When animals
were treated by surgical removal of the dermal tumor and axillary lymph
nodes on day 7, all animals survived without signs of tumor recurrence.
When animals were treated by surgical removal of the dermal tumor and
axillary lymph nodes on day 21, 70? of animals survived without signs
of tumor recurrence. The evidence obtained to date suggests that hemato-
genous metastases in this experimental cancer originate from tumor in
lymph nodes. The time at which hematogenous spread occurs appears tOg

be between the 28th and 35th day after intradermal implantation of 10

line-10 hepatoma cells.

C. Intralesional immunotherapy with natural and synthetic analogs of

bacterial components. Mycobacterial components and analogs were tested
for antitumor activity and toxicity. The jnajor findings were: Cell

walls (CW) of_M. bovis (BCG) incorporated in mineral oil droplets in

an aqueous emulsion stabilized by the detergent Tween 80 were immunothera-
peutically at least as active as living BCG in prolonging survival of

guinea pigs each with an established dermal tumor, and microscopic lymph
node and visceral metastasis established by intravenous inoculation
of tumor cells.

The influence of mineral oil, squalane, squalene, or peanut oil on the

antitumor activity of emulsified BCG cell walls or emulsified trehalose-

6 ,6 '-dimycolate was studied in mice each with an established transplant
of a syngeneic fibrosarcoma. Trehalose-5 ,6 '-dimycolate is a mycobacterial
glycolipid also known as "cord factor". Each animal received an intratumoral
injection of BCG cell walls or cord factor emulsified in 1 to 10? oil.
Emulsions of squalene or squalane but not peanut oil were effective
substitutes for mineral oil as carriers of BCG cell walls in the treatment
of the tumor. Cord factor was therapeutically active when it was incorporated
in any of these four oils. The number of animals in which tumor regressed
completely depended on the concentration of oil in the emulsion.
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The synthetic analogs of cord factor, C39 (MW = 672) and C76 (MW = 1298)

were tested for antitumor activity. Injection of emulsified C39 or

C76 into transplants of the murine fibrosarcoma induced complete regression
of tumor in most of the animals. On a weight basis, C76 was about 3

times, on a molar basis 6 times, more active than C39. Intravenously
administered mineral oil-in-water emulsions of C39, at a dose that had

an effective antitumor activity, were not toxic and only minimally granuloma-

genic. Experiments on comparison of toxicity of C39 and C76 are in

progress. Squalane or squalene, but not peanut oil, were effective
substitutes for mineral oil as carriers of C39 in the treatment of the

tumor.

The influence of Tween 80 content on the antitumor activity of mineral
oil-in-water emulsions of CW or cord factor was studied in mice, each
with an established transplant of a syngeneic fibrosarcoma. The number
of treated animals in which tumor regressed completely depended on the

concentration of Tween in each of the emulsions. As the concentration
of Tween 80 in ultrasonically prepared emulsions of mycobacterial components

was increased, an optimal concentration of the detergent was found above

which the preparations became less therapeutically active. As the concen-

tration of Tween 80 was decreased cord factor became less therapeutically
active, but CW retained antitumor activity even in the absence of added
detergent. CW were not immunotherapeutically active when given as an

aqueous suspension lacking mineral oil with or without Tween.

The influence of Tween content on the immunotherapeutic capability of

emulsified CW was studied in guinea pigs, each with an established transplant

of a syngeneic hepatocarcinoma in their skin and with tumor cells in

the draining lymph node. Each animal received an intratumoral injection
of CW emulsified in mineral oil, squalane, squalene or hexadecane.

Emulsions of squalene or hexadecane were effective substitutes for mineral
oil as carriers of CW in the treatment of the tumor if the Tween concentra-

tion was reduced to one hundredth or less of the optimal concentration

in the mineral oil emulsions. Squalane was an effective substitute

for mineral oil as a carrier of CW even ir; the presence of the concentration

of Tween used in mineral oil emulsions.

Heat-killed whole BCG cells (KC) and CW were each tested in emulsified

form for their potency to cause regression of a transplanted guinea

pig hepatoma. On a weight basis, KC were at least as effective-as CW

in causing tumor regression and elimination of microscopic lymph node

metastasis, and they, as well as purified protein derivative of mycobacteria,

provoked delayed cutaneous hypersensitivity reactions in animals immunized

with CW or with KC. On a weight basis, CW were as active as KC in eliciting

delayed cutaneous hypersensitivity in sensitized guinea pigs whether

the animals were immunized with CW or with KC. In unimmunized animals
the inflammatory response to intradermally administered CW was similar

to that induced by KC. These data provided no compelling reasons for

using CW instead of KC in clinical trials of cancer treatment by intrale-

sional injection of mycobacterial components.

Susceptibility to the lethal toxicity of endotoxin in mice pretreated

with emulsified cord factor was enhanced by (a) increasing the oil
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concentration while keeping the Tween concentration constant; and (b)

decreasing the Tween concentration, while keeping the oil concentration
constant.

Emulsified mixtures of sulfolipid I and cord factor had tumor regressive
activity comparable to, but were less toxic than, emulsified cord factor
alone.

In a clinical trial in progress in W. Germany, Dr. J. Bier has so far

treated 10 patients with head and neck cancer by intratumoral injection
of CW in mineral oil emulsion. The only toxicity noted in these patients
was elevated temperature that returned to normal on the day following
treatment with CW. At the National Institutes of Health Clinical Center
(Bethesda, MD) a patient with recurrent malignant melanoma consisting
of lymph node metastasis and 18 cutaneous lesions was treated by injection
of emulsified CW into each of the cutaneous lesions. There was an inflam-
matory response in each lesion and evidence of regression of the injected
lesions. Toxicity was similar to that seen in the patients with head
and neck cancer treated by intralesional injection of emulsified CW.

These results are encouraging because of the mild toxicity induced by
emulsified CW in comparison with the systemic BCG infection and loss
of platelets which sometimes occurred in melanoma patients treated intrale-
sionally with living BCG at the Clinical Center in a previous study.

D. Immunological studies of syngeneic methylcholanthrene-induced murine
fibrosarcomas. The conditions necessary for augmenting tumor rejection
immunity with living BCG were studied. Mice were immunized by intradermal
injection of tumor cells alone or admixed with living BCG; vaccination
sites were excised to prevent progressive tumor growth. The numbers
of tumor cells and BCG organisms in the vaccine were varied to determine
the quantities and proportions of these materials required for greatest
augmentation of host tumor rejection responses. Numbers of tumor cells
were found below which none of the doses of BCG used produced resistance
to tumor challenge. Similarly doses of BCG were found below which no
amount of tumor cells produced- more resistance than tumor alone. Three
different murine fibrosarcomas were selected to assess the degree of
host resistance produced by immunization; immunized mice were challenged
by intradermal injection of graded doses of living tumor cells. Immunization
with BCG alone did not increase host resistance, immunization with tumor
alone produced a measureable increase in host resistance, a.nd immunization
with optimal quantities of tumor and BCG was ten to forty times as effective
as tumor alone.

Tests were performed to define the specificity of the resistance produced
by immunization of mice with fibrosarcomas and living BCG. Mice known
to be free of mammary tumor virus immunized with cells of one fibrosarcoma
(A) were protected against challenge with the fibrosarcoma used for
immunization as well as a second fibrosarcoma (B), but not a third one
(C). To further analyze these tumor rejection antigens, mice free of
mammary tumor virus were immunized with various normal and neoplastic
tissues of syngeneic mice and challenged with tumor A. Immunization
with syngeneic adult normal kidney or syngeneic embryonic tissues plus
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BCG did not protect mice against challenge with fibrosarcoma cells.

Immunization of mice with living BCG plus cells from either a primary

mammary adenocarcinoma, primary methylcholanthrene induced fibrosarcoma,

or a transplanted murine fibrosarcoma failed to provide protection against

growth of tumor A. Immunization of mice with tumor B provided protection

against challenge with tumor A when cells from tumor B were admixed

with living BCG.

Some of the murine fibrosarcomas included in this study were found to

contain certain ectotrophic murine leukemia virus and lactic dehydrogenase

virus. Studies are in progress to determine whether these or other viruses

may account for the cross-protection between certain pairs of chemically
induced tumors.

E. Passive and Adoptive Immunotherapy . Experiments were performed to

determine whether passive transfer of xenogeneic antitumor antibodies

would prevent the outgrowth of a tumor cell challenge. Antiserum against

the B15 melanoma was produced in rabbits. Indirect immunofluorescence
tests with Bl6 melanoma cells using this xenogeneic antiserum were positive.

The rabbit antiserum administered intraperitoneally or intravenously,

prevented the growth of a challenge inoculum of Bl6 melanoma cells in

syngeneic mice. The cellular and molecular basis of this passive immunotherapy

was investigated using as probes: cobra venom factor, carrageenan and

X-irradiation. Treatment of mice with carrageenan or sublethal X- irradiation

abrogated the antitumor effects of the passively transferred xenogeneic

antiserum; treatment of mice with cobra venom factor did not abrogate

the effect. These results suggested that host factors other than complement,

perhaps cells v of the monocyte-macrophage family, were required for the

effectiveness of serum therapy.

Availability of large numbers of specifically sensitized lymphocytes might

be a valuable tool in adoptive immunotherapy. Optimal conditions for long

term tissue culture of guinea pig spleen cells were studied. Guinea pigs

cells proliferated in tissue culture flasks in the presence of conditioned

medium. (Conditioned medium was the supernatant obtained from guinea

pig spleens cells stimulated in vitro with concanavalin A). Since the

proliferating cells lacked detectable membrane immunoglobulins and formed

rosettes with rabbit erythrocytes, they were tentatively, identified as

T cells.

II. COMPLEMENT MEDIATED KILLING OF TUMORS

A. Response of nucleated cells to attack by antibody and complement.

Studies of the mechanisms whereby enzymes, metabolic inhibitors, antilipi-

demic agents, and hormones modulate the susceptibility of line-10 and

line-1 cells to killing by complement have continued. Pretreatment of

the cells with selected drugs or enzymes rendered the cells more sensitive

to killing by antibody and guinea pig complement (GPC), whereas pretreatment

with polypeptide, catecholamine, or steroid hormones rendered the cells

more resistant to killing by antibody and human complement (HuC). The

drug-induced increase and hormone-induced decrease in sensitivity to antibody-

C killing correlated with the inhibition and enhancement, respectively,

of the cells' ability to synthesize complex lipids, but not DNA, RNA,
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protein, or complex carbohydrate. Drug-treated tumor cells that were

rendered sensitive to killing by anti-Forssman antibody plus GPC, but

not specific antitumor antibody plus GPC, were inhibited in their incorpora-
tion of saturated (palmitic and stearic) fatty acids, but not in their

incorporation of an unsaturated (linoleic) fatty acid. Cells rendered
sensitive by drug treatment to killing by either antibody plus GPC were
inhibited in their incorporation of both saturated and unsaturated fatty
acids.

Hormone pretreated tumor cells incubated with proteolytic enzymes remained

resistant to antibody-GPC mediated killing. Enzyme-pretreated cells incubated

with hormones were either sensitive or resistant to antibody-GPC-mediated
killing depending on the enzyme used to pretreat the cells, the enzyme

concentration, the hormone class, and the specificity of the antibody

used to sensitize the cells. The enzyme pretreated cells were able to

bind amounts of hormone sufficient to render the cells resistant to humoral
immune killing.

The specific lipids whose synthesis was inhibited or enhanced by drug
or hormone treatment, respectively, have been identified; in addition,
the incorporation of these lipids into plasma membrane and intracellular
fractions was studied. Drug treatment inhibited, whereas hormone treatment
enhanced the incorporation of certain newly synthesized phospholipids
into both cell surface and internal membranes. Chemical, physical, and
enzymic analysis of these subcellular fractions of drug- or hormone-treated
cells suggested that the protein, lipid phosphate, and total phosphate
content of the plasma membrane and intracellular membranes of these cells
correlate with their ability to resist humoral immune attack. Reverse-
phase thin layer chromatography of drug- or hormone-treated cells was
utilized to determine the effects of these agents on the fatty acid composition
of newly synthesized cellular lipids. The drug-induced sensitivity to
antibody-C killing was accompanied by an increase in the amount of unsaturated

fatty acids (Cl8:1, C18:2, and C18:3) in the cellular lipids. The effect
by hormone treatment on the acylation of cellular lipids did not correlate
with their effect on the cells' susceptibility to antibody-C killing.

HPLC analysis of drug and hormone-treated cellular lipids and fatty acids
showed that the drugs decreased total cellular lipid, and decreased the

unesterified cholesterol content of the plasma membrane, and increased
the plasma membrane and intracellular unsaturated fatty acid content.
Hormone treatment had exactly the opposite effects, suggesting that the
drugs increase, while the hormones decrease membrane fluidity. Drugs
known to have antilipidemic activity were tested for their effects on
the sensitivity to antibody-C killing and macromolecular synthesis of
line-1 and line-10 tumor cells. Gramicidin D, DL-Isoproterenol, L-isoprotere-
nol, and dopamine increased the sensitivity to antibody-C killing of line-
1 and line-10 tumor cells compared to control untreated cells. d-Ampheta-
mine increased the sensitivity to killing of line-1 cells but not line-
10 cells. DL-carnitine, orotic acid, AY-9944 and nicotinic acid were
ineffective in increasing the sensitivity of line-1 or line-10 cells to

antibody-C killing. The drug-treated cells that were increased in their
sensitivity to antibody-C killing were inhibited in their ability to incorpo-
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rate amino acids and fucose into TCA-precipitable macromolecules.

In an attempt to determine if these observations are a special case for

the guinea pig hepatoma cells or a property of nucleated cells in general,

work was initiated using cultured human lymphoblastoid cell lines, designated

Raji and PY, and a mouse cell line, designated P8l5. In initial studies

with the human cell lines, differences in susceptibility to killing by

rabbit antilymphocyte and human anti-HLA antibody plus C have been observed.

Generally cells in their intermediate (logarithmic) phase of growth were

more susceptible to killing than cells in their early (lag) or late (station-
ary phase of growth). These differences with PY cells were not due to

differences in antigen expression as measured by quantitative absorption
tests. Absorption tests have not yet been performed with the Raji cells.

Attempts to separate cells synchronized by various means have lead to

equivocal results and at present it is not possible to determine the sensi-

tivity of cells in S, G, or G^ phases of growth.

Additional studies with PY cells have shown that treatment of the cells

with selected inhibitors of macromolecular synthesis rendered the cells

more susceptible than control cells to killing by antibody plus C. In

preliminary studies with the mouse cell line P8l5 pretreatment with selected
inhibitors has rendered the cells more susceptible than control cells

to killing by rabbit anti-P8l5 plus GPC.

In agreement with the guinea pig hepatoma cell lines there is a variation
in the sensitivity of Raji and PY cells to killing by C from different
species. With the guinea pig hepatoma cells this difference in susceptibility
to killing, at least with HuC and GPC, appears to be associated with the

synthesis and release of specific lipids or lipids containing macromolecules.
It is necessary to determine if similar results can be obtained from other
nucleated cells.

These results suggest that the ability to render hepatoma cells sensitive

to killing by antibody plus C is not a special property of these cells.

It is likely that the mechanism(s) responsible for the relative resistance

of hepatoma cells to C attack obtains in other nucleated cells. This

implies that the sensitivity of nucleated cells to humoral immune attack

is the net result of the attack mechanism and the response of the target

cell to this attack.

B. Interactions of complement components, immunoglobulins and cell membranes.

Studies on the mechanism of the lytic action of complement have largely

been carried out using the classical system of sheep erythrocytes (E),

sensitized with rabbit antibody to the Forssman antigen and using guinea

pig serum as the complement source. These studies have revealed that

for hemolysis to occur, all nine components of the classical complement
pathway must bind to E. In addition to the binding of the complement

components, a series of other reactions must occur before hemoglobin release

takes place. These reactions include the insertion of the ninth and final

complement component (C9) into the cell membrane which leads to the formation

of a red cell intermediate designated E* doomed, a red cell with a defined

size transmembrane channel which will lead to colloid osmotic lysis if
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an osmotic blocker e.g. 25? albumin is not added to the external medium.
The size of the transmembrane channel was not uniform and could be shown
to vary as the average ratio of C9 molecules bound to C8 molecules bound
was increased. The greater the average number of C9 molecules bound per
C8 site the larger was the functional diameter of the transmembrane channel
produced. At present the biochemical events leading to the generation
of the complement lesion are not known. In this regard it is not clear
what role if any the membrane composition, or metabolic status of the
target plays or the relative importance of C8 and C9 in the generation
of the lesion. The availability of a number of differing cellular targets,
e.g. tumor cells, and a number of pathways of complement action mediated
only by the terminal components of the classical complement pathway should
enable some insight into the membrane attack mechanism of complement to
be gained.

The mechanism of complement fixation and hemolytic action at cell surfaces
has been further explored with the development of new approaches to passive
hemolysis. In passive hemolysis antigens or haptens are coupled to red
cell surfaces; the resulting cell-bound antigenic or haptenic group serves
as a target for homologous antibody; the antibody-antigen complexes thus
formed in turn serve as activators for the complement system leading to
the lysis of the cell. The principle of this approach has been known
for at least 20 years, but has not been fully developed either for studying
fundamental aspects of generation of complement fixing (CF) complexes
or for the development of inhibition assays for drugs and other small
molecular weight substances. Coupling to sheep erythrocytes (E) of various
haptens or antigens can be achieved by chromium chloride or carbodiimide.
Albumin, immunoglobulins, IgG, and IgE, transferrin or hemocyanin coupled
to sheep E each served as efficient targets for rabbit or goat antisera.
Complexes generated with rabbit antisera directly fixed C and could lyse
the cell while complexes generated by goat antisera (a non-CF Ig type)
were converted to CF complexes by adding excess rabbit antibody made against
goat Ig antibody.

When antigen not bound to the cell was added to a defined amount of antibody,
generation of CF complexes was inhibited and hemolysis was reduced. As
little as 1 ng of a protein antigen could be detected by the hemolytic
inhibition assay. The assay was also useful for the detection of methotrex-
ate, folinic acid, and leritine and as little as 0.1 ng of some of these
compounds could be detected by the hemolysis-inhibition assay. The assay
is about as sensitive as RIA for the same compounds and has the advantage
that except for a spectrophotometer, no specialized equipment is needed.
Fundamental studies on the generation of CF complexes by Ig with the various
compounds tested was also carried out. Since many of the haptens are
monovalent, i.e., can react with only one IgG molecule, the passive hemolytic
system offers an opportunity to study the composition of Ig complexes
with respect to fixation of CI and activation of the complement sequence.
Preliminary results are encouraging in that the dose-response curve analysis
revealed that with rabbit IgG, the size of the IgG complex can range from
2 to 4 for various haptens. One important aspect of this problem is how
monovalent haptens can generate polymers of IgGs.
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The principle of passive lysis has also been applied to cytotoxic reactions

of tumor cells. Both specific antitumor antibodies and anti-Forssman

antibodies can serve as targets for anti-antibodies. The experiments

showed that the number, class and origin of species of the first and the

second antibodies are of crucial importance for passive lysis of tumor

cells by complement. The system also lends itself to studying quantity

of antigens, persistence and turnover of antigen-antibody complexes and

the effect of complement on these variables. The results showed that

it was possible to detect antigens on tumor cell surfaces that were not

measurable by direct antibody uptake and/or complement-fixing tests; that

antigen-antibody complexes persisted for several hours in the complement-

fixing state; and that passive lysis of tumor cells is a highly reproducible

and sensitive way of determining specific antigens on cell surfaces.

C. Detection of antigens and haptens. Quantitative determination of

tumor-associated products, chemotherapeutic drugs, and related substances

is basic for understanding their metabolism, disposition, and mode of

action. The availability of specific and sensitive analytical methods

for the study of the properties of these substances in vivo, and, in vitro

may allow the identification of biologically active molecules and perhaps

establish their significance in oncogenesis or cance:j'2treatment. A general

immunoassay method was therefore developed in which I labeled Protein

A, a cell wall component isolated from Staph, aureus, is used as a general

tracer for antibody, and indirectly for any antigen or hapten. The method

can be used to determine levels of the target molecule in solution or

when bound as a constituent part of the cell surface. This procedure

was used for determining levels of IgM, IgG, and IgE in sera from human

subjects and experimental animals, human chorionic gonadotropin (a hormone

often produced by certain human tumors), chemotherapeutic drugs (e.g.

methotrexate and leucovorin) as well as other compounds of interest in

cancer research (e.g. prostaglandins). The quantity and classof immunoglo-

bulin produced in allogeneic and syngeneic animals immunized with tumor

cells were also determined.

In order to understand the molecular basis of the interaction of Protein

A with immunoglobulins the effect of Protein A on the functional activity

of hemolytically active rabbit IgG antibodies was studied and the soluble

Protein A-IgG complexes were characterized in terms of molecular composition

and their ability to fix complement and lyse target cells. As a result

of the studies, it was found that binding of Protein A to. certain IgG

antibodies which normally react weakly or not at all with Protein A will

be enhanced once antibody is complexed to cell-bound antigen or to antigen

or hapten immobilized by chemical procedures to polyacrylamide beads.

This observation implies that binding of IgG to its antigen results in

exposure of Protein A binding sites.

III. IMMUNOLOGICAL INTERACTIONS OF HOST AND TUMOR

A. Macrophages . The accumulation of macrophages at tumor sites must

occur by immobilizaton of wandering cells or by chemotactic attraction.

In 1974 it was reported that the chemotactic response to lymphocyte derived

chemotactic factors (LDCF) of peripheral blood monocytes from patients
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with cancer was decreased compared to normal subjects or patient controls.
Among a group of 10 patients with impaired responses to LDCF, the response
to complement-derived chemotactic factor (C5a) was depressed in 6, but
normal in the other 4. This observation raises a number of questions
among which are: do human monocytes have specific receptors for LDCF
and C5a, with the possibility of selective impairment or blockage of one
receptor? Are there subpopulations of monocytes with different receptors,
so that the alterations in the cancer patients could be due to shifts
in the relative numbers of these subpopulations? In order to study these
problems, a detailed analysis of human monocyte cheraotaxis is now being
made. Three chemotaxins are being used: a chemotactic tripeptide, purified
human C5a and partially purified LDCF. When chemotaxin concentration
is varied, the dose-response to peptide or C5a shows an optimum. The
decrease in response at high concentrations is due to deactivation of
the cells, specifically for the high dose chemotaxin only. A majority
of the monocytes have receptors for all 3 of the chemotaxins studied.
Several types of experiments led to this conclusion. For example, after
monocytes migrated to LDCF and had spread out on the bottom of the polycarbonate
membrane, they migrated back to the top side of the membrane when C5a
was placed in the upper chamber. A new multi-well chemotaxis chamber
is being designed, so that these analytical approaches can be applied
to relatively small volumes of blood from patients with cancer.

An animal model has also been developed to study the tumor-associated
chemotaxis abnormality. Peritoneal macrophages from any of 5 different
transplantable syngeneic fibrosarcomas have both depressed responsiveness
to chemotactic stimuli in vitro and increased capacity to phagocytize
antibody-coated sheep erythrocytes. Similar changes in macrophage chemotactic
and phagocytic responses were also observed in normal mice treated intravenously
with sera from tumor-bearing mice. Normal mice treated with spleen, liver
or peritoneal cells from tumor-bearing mice also exhibited similar changes
in macrophage function; sera from these mice could, in turn, transfer
defects in macrophage function to other normal mice. However, transfer
of tumor cells or sera from tumor-bearing animals into normal animals
produced significant elevations in serum lactic dehydrogenase activity.
Injection of serum from mice known to be infected with LDH virus into
normal animals produced the changes in macrophage function observed with
sera from tumor-bearing mice. Most, if not all changes in macrophage
function seen with cells from mice with transplantable tumors were secondary
to effects of virus infection and not of growing tumor cells. _-. .

Responses of macrophages can be altered by normally occurring macro-molecules
in body fluids. It was shown previously that mouse resident peritoneal
macrophages did not migrate toward chemotaxins if the cells were suspended
in tissue culture medium without serum. Responsiveness in medium supplemented
with serum was due, in large part, to a single protein, macrophage stimulating
protein (MSP). In contrast to its effect on resident peritoneal macrophages,
MSP has no action on peritoneal macrophages from inflammatory exudates.
This is an interesting example of the specificity of mediator interactions
with different macrophage populations. Although BCG-exudate macrophages
in medium without serum do not respond to chemotaxins and are unaffected
by MSP, addition of serum confers responsiveness. The active material
in serum is albumin or a factor bound to albumin.
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Macrophage activation for in vitro tumor cytotoxicity, much like the clotting

or complement systems, requires completion of a series of reactions.

Characterization of activation signals and the cells responsive to the

signals was facilitated by discovery of strains of mice with genetic defects.

Macrophages from 25 different strains of mice were treated in vivo and in

vitro with known activation stimuli. Nonresponsive mouse strains could
be classified into three general groups:

1. C3H/HeJ mice: The tumoricidal defect of macrophages from C3H/HeJ
mice, a strain with a well characterized, genetically-controlled response
defect to the lipid A region of bacterial lipopolysaccharides, reflects
a genetic inability of C3H/HeJ macrophages to respond to terminal signals
in the activation sequence. Although this inability is controlled by

a single gene closely linked or identical to the Lps gene on chromosome
4, the defect includes responses to signals unrelated to lipid A.

2. A/

J

mice: The tumoricidal defect of lipid A-responsive A/ J mice was
phenotypically indistinguishable from that of lipid A-unresponsive C3H/HeJ
mice. Genetic analysis, however, revealed that the defect of A/J mice
was not at the Lps locus but rather represented gene mutations at two

entirely different loci.

3. P/J mice: P/J is the least characterized of strains with macrophage
tumoricidal defects. Preliminary studies suggest that the defect of this
strain occurs earlier in the macrophage activation sequence than defects
of either C3H/HeJ or A/J mice and reflects another entirely different

genetic mutation.

B. Lymphotoxin . Another possible mechanism for host destruction of tumor

cells is secretion of toxins. Culture fluids from PHA-stimulated mouse
spleen cells destroy tumor cell lines in tissue culture, as measured by

release of -^H from tritiated thymidine labeled tumor cells. With the

exception that the target cell is not the mouse L cell, the culture fluid

activity is consistent with the operational definition of lymphotoxin
(LT). Although the activity was eluted from Sephadex G-200 in one region,

corresponding to a MW of about 40,000, ele'ctrofocusing studies showed

marked charge heterogeneity. It was shown last year that some raacrophage-

like cell lines produced a cytotoxin, which eluted from Sephadex G-200
in 2 peaks, one of which corresponded to a MW of 40,000. These findings

along with the charge heterogeneity of the spleen cell products, _ suggested

that cytotoxins might be produced by more than one cell type in the spleen

cell suspension. Spleen cells were plated in culture flasks and separated

into adherent and non-adherent fractions. Production of cytotoxic activity

in response to PHA by the separated fractions was low compared to that

of the unfractionated or recombined fractionated cells. These findings

suggest that cooperation of 2 cells, by mediator secretion or cell-cell
contact, is required for production of cytotoxic activity. Preliminary
analysis in experiments with varying ratios of adherent and non-adherent

cells suggests that synergy is mediated by an adherent cell and that the

producing cell is in the non-adherent fraction.
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Project Description

Objectives : The primary objective of this project is to test a variety of

therapies in several species with primary cancer in the hope of providing

guides to the immunotherapy of human cancer. The therapeutic methods tested

will be those that have been successful in animal models consisting of

syngeneic tumor transplants.

Methods Employed : Hereford cattle were examined at feed lots for evidence

of "cancer eye". Suspected animals were purchased and transported to Utah

State University. Diagnosis was established by microscopic examination of

stained smears from lesions. Animals with papillomas were not entered into

the treatment protocol. Cattle with histologically confirmed carcinoma were

treated by intralesional injection of emulsified BCG cell walls and their

survival was compared to those treated by administration of sham vaccine

and to untreated animals. Additional treatment groups include local surgery,

radical surgery and active immunization.

Mice with primary autochthonous mammary tumors were treated by intralesional

injection of emulsified BCG cell walls by surgical excision of the neoplasm

or by a combination of surgical excision and active specific immunization.

Survival of mice in each treatment group was compared to that of untreated

controls.

Dogs with agnogenic, naturally occurring, primary breast cancer have been

treated at the Animal Medical Center by the intralesional injection of

emulsified BCG cell walls.

Tumors of the small intestine were induced in rats by prenatal administration

of methyl (acetoxymethyl) nitrosamine. A group of rats was treated by intra-

lesional injection of emulsified BCG cell walls, another by surgery and a

third by injection of control emulsion.

Colon cancer was induced in rats by administration of dime thyIhydrazine.

Surgical resection, intralesional injection of BCG cell walls and intra-

lesional emulsion control are being compared as treatment modalities.

Human patients with cancer in the region of the head and neck are being

treated by intralesional injection of emulsified BCG cell walls followed by

standard surgical treatment. The rate of recurrence of disease and of

survival of the patients treated by immunotherapy are being compared to that

of patients treated by surgery only.

Two patients with recurrent malignant melanoma, which includes the appearance

of multiple cutaneous nodules, have been treated by injection of emulsified

BCG cell walls into each of the skin lesions. In a previous study, patients

with Stage I malignant melanoma but at high risk of recurrence within five

years after surgery were treated by the intralesional injection of living

BCG followed by standard surgical treatment. The rate of disease recurrence

and survival of these patients are being compared to that of patients treated

by surgery alone.
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Major Findings : In a three year trial, twenty-three cows with naturally
occurring "cancer eye" were treated by the intralesional injection of

emulsified BCG cell walls. About seventy percent of these animals derived
objective clinical benefit from the treatment. Additional therapeutic trials
of "cancer eye" are in progress.

Mice with mammary tumors treated by surgical excision have survived slightly
longer than untreated controls or those treated by immunotherapy.

Treatment of dogs by intralesional BCG cell walls on the same day when
partial excisional biopsy was performed has caused severe and prolonged
local swelling and inflammation. The study at the Animal Medical Center on
dog mammary cancer has been terminated.

Rats with chemically induced tumors of the small intestine treated by intra-
lesional BCG cell walls have survived longer than those treated with control
emulsion lacking the BCG cell walls.

The study of colon cancer in rats has not been evaluated because it is a

"double-blind" study and the code has not yet been broken.

Ten patients with "head and neck" cancer treated by intralesional injection
of BCG cell walls had an elevated temperature lasting about one day
after treatment; there were no other signs of toxicity that could be
attributed to administration of the mycobacterial preparation.

Intralesional administration of BCG cell walls into recurrent skin lesions
of melanoma patients has caused regression of tumor at the injected sites.

Some patients with Stage I melanoma treated by intralesional injection of
living BCG suffered severe toxic reactions including a marked drop in

platelet counts. All patients eventually recovered from the toxic reactions
and they are being followed to determine their survival as a function of
treatment as well as the rate of recurrence of malignant disease.

Significance to Biomedical Research and the Program of the Institute ; The
published results so far of objectively evaluable clinical trials of the
treatment of human cancer have been disappointing, perhaps because the
treatment protocols were designed with minimal guidance from the experimental
laboratory. The limited experimental information available for transfer to
the clinic has come from studies of inbred rodents with transplanted tumors
of questionable relevance to the immunotherapy of primary or naturally
occurring cancer. Immunotherapy of humans with cancer has been relegated
to a secondary modality that is applied only after the patient has been
treated by currently accepted methods. While this "add on" approach for
immunotherapy is understandable on ethical grounds, it makes little scientific
sense. The fundamental assumption underlying the immunotherapy of cancer is

that tumor cells contain structures that are recognized by the host as non-
self antigens. It is further assumed that host responses to the postulated
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tumor specific antigens will be detrimental to the growing neoplasm. The
hope that the administration of agents such as BCG after removal of the
patients' tumor will be beneficial to the host is based on the notion that
the adjuvant will promote a tumor specific reaction against the non-self
antigens which are assumed to be associated with the tumor cells. Since
all of the primary tumor and often most of the suspected sites of metastasis
are eliminated before "immunotherapy" it is highly unlikely that the number
of tumor cells remaining after primary treatment would be sufficient to
provide an amount of antigen needed to provoke a response vigorous enough
to prevent recurrence of disease. Moreover, most immunologic adjuvants
promote specific immunity optimally when they are administered in admixture
with antigen. These considerations suggest that the adjuvant should be
injected directly into the primary tumor because it ought to contain
the bulk of the postulated tumor specific antigens. An alternate approach
would be to surgically excise the primary tumor, prepare a suspension of

tumor cells from the surgical specimen, treat the tumor cells in way that
preserves antigenicity but destroys tumorigenic potential, mix the patient's
inactivated tumor cells with an appropriate adjuvant and inject the mixture
into the patient in the hope of stimulating a tumor specific immunological
response. Several other schemes to promote host tumor immunity in humans
and in animals are now under study internationally. Human studies in the
future might be improved by designing them according to information derived
from the results of experimental immunotherapy of primary autochthonous
cancers in animals like those which are being investigated in the project
described in this report.

Proposed Course of Project : Mycobacterial preparations with chemically
defined ingredients are now available; they have been found to be effective
in the treatment of transplantable tumors. These defined agents will be
used in further trials of the immunotherapy of primary induced and naturally
occurring cancers. Studies with the mouse mammary tumor will be discontinued
within a few months. Studies are in progress to find ways of eliminating
inflammatory reactions at the site of injection of BCG cell walls into
cancerous breast tissue of dogs. Plans are being made to continue these
studies in an NIH intramural facility. The studies with rats will be
continued at least until results can be evaluated. Patients will continue
to be accrued in the "head and neck" protocol. Plans are being made to

reactivate the Stage I melanoma protocol but a non-viable mycobacterial
fraction will be used instead of living BCG.
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Project Description

Objectives ; The principal objective of this project is to develop, in

an experimental system, safe and effective vaccines to eradicate microscopic

lymph node metastases remaining after surgical removal of a primary tumor.

Methods Employed : Model of stage I disease with microscopic metastases .

The line-10 transplantable hepatoma was maintained as an ascites tumor

derived originally from a primary hepatoma induced in a male strain-2

guinea pig by diethylnitrosamine.

Intradermal injection of line-10 cells into syngeneic guinea pigs (10

cells per guinea pig) produced dermal tumors with subsequent development

of lymph node metastases. The dermal tumors were surgically removed after

7 days at which time there were no palpable lymph node metastases. However,

all of these animals had microscopic tumor cell deposits in the first

draining lymph node (superficial distal axillary) (SDA) and, if given
no p©~Sit-surgical treatment, died from progressive growth of lymph node

metastases.

Immunotherapy of micrometastases ; Tumor cell-containing vaccines were

tested for their ability to prevent growth of metastases by injecting

them intradermally two days after surgical removal of the dermal tumor.

They were injected either close to the surgical site or on the contralateral

flank. The vaccines contained live or irradiated line-10 tumor cells

mixed with a mycobacterial adjuvant consisting of an emulsion of oil

droplets containing BCG cell walls (BCG CW)

.

In some experiments, similar vaccines were tested at a later stage of

the disease to attempt to prevent progressive tumor growth from microscopic

metastases in the second draining lymph node complex. Twenty one days

after implantation of the tumor, both the dermal tumor and the palpable

tumor in the SDA lymph node were excised.- This left microscopic tumor

cell deposits in the proximal axillary (PA) lymph nodes. Tumor cell

vaccines were administered two days after surgery.

Estimation of the number of line-10 cells in lymph nodes ; A biological

assay was used to obtain a minimum estimate of the number- of living tumor

cells in the SDA lymph node at the time of surgical removal of the dermal

tumor. Excised lymph nodes were disaggregated and quantitatively trans-

planted intraperitoneally (i.p.) into weanling guinea pigs. The incidence

of line-10 ascites development and the survival times of these lymph

node recipients were compared with those of animals which received i.p.

injections of graded doses of ascites line-10 cells. This enabled an

estimate of the minimum number of tumor cells in the lymph nodes to be

made.

Major Findings : Treatment of micrometastases in the SDA lymph node (stage

I disease) . Post-surgical treatment with a vaccine containing BCG CW

649



Project No. Z01 CB 08526-03 LIB

and live line-10 cells could prevent growth of metastases in a majority
of animals whose dermal tumors were removed after 7 days; local and
contralateral vaccine treatments were effective. Vaccine therapy was
specific since a similar vaccine containing cells from an antigenically
different syngeneic hepatoma was ineffective.

In about 5% of the treated animals, tumors grew at the vaccine site.
This was prevented in subsequent experiments by irradiating the line-
10 cells used in the vaccine. Contralateral administration of vaccines
containing irradiated tumor cells prevented growth of lymph node metastases
in about half of the treated animals, but required up to 5 times as
many line-IQ cells in the vaccine as did treatment with live tumor cell
vaccines. Successful therapy required all the principal components
of the vaccine in admixture, i.e. irradiated tumor cells, BCG CW and
oil droplets.

Treatment of micrometastases in the PA lymph nodes (stage II disease).
Preliminary attempts were made to treat stage II disease with a combination
of surgery and vaccine therapy. After palpable metastasis had developed
in the SDA lymph node, the dermal tumor and SDA lymph node were excised.
Treatment two days later with vaccines containing BCG CW and live or
irradiated tumor cells failed to prevent tumor recurrence from occult
metastases in the PA lymph nodes. Vaccine treatment did, however, signi-
ficantly prolong survival.

Estimation of the number of tumor cells in microscopic lymph node metastases .

Assay of the tumor cell content of lymph nodes by i.p. transplantation
of the nodes into weanling recipients suggested that the tumor cell
deposits remaining after removal of the dermal tumor on day 7 may have
contained as few as 100 line-10 cells; the tumor burden in the proximal
axillary nodes following day 21 removal of both the dermal tumor and

SDA lymph node appeared to be approximately 100 fold higher and may
contribute to the failure of vaccine therapy against this stage of the
disease.

Significance to Biomedical Research and the Program of the Institute:
Occult tumor metastases remaining after surgery are a major cause of
failure in the treatment of cancer. This study shows that it may be
possible to prevent tumor recurrence from residual microscopic metastases
by post-surgical administration of tumor cell vaccines at a site remote
from the metastases. Since irradiated tumor cells and a non-living
mycobacterial adjuvant were effective in the vaccine, the hazards associated
with live tumor cells and infective BCG were avoided.

Proposed Course of Project : Attempts will be made to increase the efficacy
of the vaccination procedure. This might be achieved by increasing
the dose of tumor antigen, by immunization in several lymphatic drainage
fields or by boosting the response with repeated immunization. Experiments
to optimize the BCG CW and oil content of the vaccines will be continued.
Initial attempts to extend vaccine treatment to post-surgical stage
II disease were unsuccessful. Attempts will be made to find if this
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failure was due to the residual tumor burden being too large or to impairment
of the host's ability to respond to the vaccine.

Publications

Zbar, B., Canti, G. , Rapp, H.J., Bier, J. and Borsos, T. : Regression
of established oral tumors after intralesional injection of living BCG
or BCG cell walls. Cancer 43: 1304-1307, 1979.

Zbar, B., Canti, G. , Ashley, M.P., Rapp, H.J., Hunter, J.T. and Ribi,
E.: Eradication by immunization with mycobacterial vaccines and tumor
cells of microscopic metastases remaining after surgery. Cancer Res.

39: 1597-1603, 1979.

Javadpour, N. , Bagley, D.H. and Zbar, B. : Cryosurgical treatment of
experimental intradermal tumors fails to eradicate microscopic lymph
node metastases. J. Natl. Cancer Inst. , in press.

Zbar, B., Hunter, J., Rapp, H.J. and Canti, G. : Safety and efficacy
of living BCG or BCG cell walls (CW) in the treatment of a guinea pig
hepatoma. Cancer 43: 484-491, 1979.
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Project Description

Objectives ; The primary objective of this project is to define the methods

and conditions best suited for immunotherapy of stage II malignant disease.

Methods Employed : Tumors . A transplantable syngeneic cavian hepatocellular

carcinoma, designated line-10, was used. Intradermal implantation of

line-10 cells leads to progressive local tumor growth and metastasis to

the draining lymph nodes.

Cavian model for clinical stage II malignant disease. Line-10 cells were

injected intradermally into strain-2 guinea pigs. When the draining lymph

nodes were palpable, animals were treated by combinations of surgery and

immunotherapy. In some experiments, tumor deposits were established in

the lungs of the tumor bearing guinea pigs by the i.v. injection of line-

10 cells one day prior to therapy.

Major Findings: Cavian model for stage II disease. Immunotherapy did

not improve the results of subsequent surgical treatment of stage II malignant

disease. When the first draining node (SDA node) was palpable, but not

larger than 10 mm in diameter, removal of the dermal tumor and draining

lymph nodes by forequarter amputation cured 705S of the animals. When

the size of the SDA node was greater than 10 mm in diameter, microscopic
j

metastases were often present in lymph nodes not removed by forequarter

amputation. Consequently, forequarter amputation was not as effective

at this phase of the disease. Systemic transfer of peritoneal exudate

cells from guinea pigs specifically immunized to line-10 or active immunization

with vaccines containing BCG-cell walls and line-10 cells failed to improve

the results of radical surgery in stage II disease although they were

effective in therapy of stage I disease.

Experiments on the therapy of lung metastases established by i.v. implantation

of line-10 cells are being reevaluated in light of the discovery that

line-10 cells spontaneously metastasize to the lungs after intradermal

implantation. The time between dermal implantation of tumor cells and

surgery as well as the extent of surgery have a major influence on the

proportion of guinea pigs found to have visible pulmonary metastases at

autopsy. Guinea pigs that were not treated surgically after receiving

an intradermal injection of line-10 cells died with malignant disease

an average of 62 days after tumor inoculation; at autopsy approximately

one-third of these guinea pigs showed visible pulmonary metastasis. Animals

that had their dermal tumors locally excised 7 days after tumor inoculation

survived an average of 78 days; at autopsy half of these animals showed

visible pulmonary metastases. Animals treated by local excision of their

dermal tumor 21 days after implantation survived an average of 72 days;

at autopsy eighty percent of these animals had visible pulmonary metastases.

When animals were treated by surgical removal of the dermal tumor and

draining lymph nodes on day 7, all animals survived without signs of tumor

recurrence. When animals were treated by surgical removal of the dermal

tumor and lymph node metastases on day 21, seventy percent of the animals

survived without tumor recurrence. The data to date suggest that hematogenous
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metastases of this tumor originate from the tumor in the lymph nodes.

The time at which hematogenous metastasis occurs appears to be between

the 28th and 35th day after intradermal implantation of 10^ line- 10 hepatoma

cells.

Significance to Biomedical Research and the Program of the Institute;

Control of residual malignant disease remains one of the foremost problems

in human cancer therapy. The interactions between the primary tumor,

the metastases, and the host response are poorly understood. The investiga-

tion of models of metastatic cancer in experimental animals may lead to

increased understanding of the interactions between host and tumor therapies

for cancer.

Proposed Course of Project ; To continue experiments on the treatment

of guinea pigs with stage II malignant disease by combinations of immunotherapy

and surgery.

Publication

Rapp, H. J., and Hunter, J. T. : Animals, test-tubes and cancer: In vivo
Veritas, in vitro mendacium. In, Proceedings of the Vatican Study Week on
"The role of non-specific immunity in the prevention and treatment of
cancer". Vatican City, Rome. October 17-21, 1977, in press.
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Project Description

Objectives : The goals of this project are: to develop reliable methods
to augment tumor rejection immunity, to use quantitative tests to measure
the degree of host tumor rejection immunity, to compare the degree of
tumor rejection immunity in animals immunized by different methods and
to develop murine models for study of active immunotherapy of microscopic
visceral methastases.

Methods Employed : Animals . Male C3H/HeN MTV mice were obtained from
the Charles River Laboratories, Wilmington, Mass.

Tumors . Transplantable syngeneic fibrosarcomas, designated 1023, IO38

and 1063 were induced in the subcutaneous tissues of C3H/HeNIcr male mice
with pellets of 1? 3-methylcholanthrene in paraffin. Tumor cell suspensions
were prepared by enzymatic digestion of minced tumors.

Immunization . C3H/HeN MTV male mice were immunized by intradermal injection
of living tumor cells alone, adjuvant alone or living tumor cells admixed
with adjuvant. The numbers of tumors cells and BCG organisms used for

immunization were varied to determine the quantities and proportions of

these materials required for greatest augmentation of the animals ability
to reject a challenge of living tumor cells. To prevent progressive tumor
growth, vaccine sites were excised.

Quantitation of host resistance . To determine the degree of resistance
produced by immunization, control and immunized mice were challenged with
graded doses of tumor cells. The number of cells required to produce
tumors in half of the mice was calculated by the Reed-Muench formula.

Specificity of immunization with murine fibrosarcomas and living BCG.

C3H/HeN MTV mice were immunized with various normal and neoplastic tissues
of C3H/HeN mice and tested for ability to .inhibit the growth of transplantable
syngeneic fibrosarcomas.

Viruses found in association with transplantable murine fibrosarcomas .

Fibrosarcomas were tested for the presence of lactic dehydrogenase virus
(LDV), ecotrophic murine leukemia virus (MuLV), murine mammary- tumor virus
and a panel of other murine viruses.

Murine models for study of immunotherapy of visceral metastases . Viable
fibrosarcoma cells were transplanted intradermally; the resultant dermal
tumors were excised at intervals after tumor implantation to determine
when surgical treatment failed to cure animals. Mice with dermal tumors
and disseminated malignant disease were treated with a combination of
local surgery and active immunization. Mice were examined weekly to detect
local tumor recurrence or regional lymph node metastases. Autopsies were
performed upon death of mice to determine whether metastases were present
in internal organs.
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Major Findings ; Immunoprophylaxis of methylcholanthrene-induced sarcomas

with BCG and tumor cells; optimization of conditions . Immunization

with living BCG alone did not increase host resistance to challenge

with viable fibrosarcoma cells. Immunization of C3H/HeN MTV mice by

implantation of tumor cells alone and excision of the resulting growth

did increase host resistance to challenge. The degree of tumor rejection

immunity produced by immunization with tumor alone could be augmented

by injection of living BCG in admixture with living tumor cells. Augmentatioi

of host tumor rejection immunity required optimal doses of BCG and tumor

cells. As the number of tumor cells in immunizing mixtures was decreased,

an amount was found below which no dose of BCG augmented the capacity

of the tumor cells to induce specific host resistance. As the dose

of BCG in immunizing mixtures was decreased an amount was found below

which no dose of tumor cells was more effective than tumor cells alone.

To shorten the time required to test vaccine potency and to determine

whether vaccines could inhibit the growth of tumor cells that were present

in the host on the day of immunization, mice were injected intradermally

with graded doses of tumor cells and immunized on the same day. Immunization

on the day of tumor challenge was unsuccessful.

Specificity of immunization with murine fibrosarcomas and living BCG.

Cross-protection was found between two of the three fibrosarcomas tested.
|

Mice immunized with BCG and cells from either tumor 1038 or tumor 1063

were protected against challenge with both of these tumors. They were

not, however, protected against challenge with the third tumor (1023).

Protection against tumors 1038 and 1063 was not induced by immunization

with BCG admixed with cells from embryonic tissue, normal adult tissue

or mammary carcinoma tissue.

Viruses found in association with transplantable murine fibrosarcomas.

Fibrosarcomas 1038 and 1063 contained LDV and ecotropic MuLV. Fibrosarcoma

1023 lacked these viruses.

Murine models for study of immunotherapy of visceral metastases. Excision
of dermal tumors formed from injection of tumor 1063 on day 21 or thereafter

was effective in eliminating the local tumor but more than half of treated

mice died 60-120 days after tumor excision with multiple tumor nodules

in the lung. Mice that survived 180 days after tumor excision were

killed and a majority of these healthy apparently tumor free animals

contained tumor nodules in the lung.

Active immunization has to date, failed to retard the growth of lung

metastases remaining after surgery.

Excision of dermal tumors formed from injection of tumor 1023 on day

35 or thereafter cured less than half of the treated mice; mice died

60-120 days after tumor excision with multiple tumor nodules in the

lung.

657



Project No. Z01 CB 08528-03 LIB

Significance to Biomedical Research and the Program of the Institute :-

There have been few systematic investigations of the factors necessary
for augmentation of tumor rejection immunity by living BCG. The findings
presented in this report describe some of these factors and provide a

method for quantitation of resistance engendered by immunization. The
results of the present investigation will be used as a guideline in efforts
to develop vaccines that are effective in controlling metastases remaining
after surgery.

Proposed Course of Project : Efforts will be focused on treating mice
with malignant disease remaining after surgery by active or passive immunother-
apy. Xenogeneic antibodies to antigens of MuLV will be tested for capacity
to eliminate fibrosarcoma cells that release ecotrophic MuLV. Another
line of investigation will test whether immunization with mixtures of

X-irradiated tumor cells and adjuvant can eliminate microscopic metastases.
Variables that will be examined include route of immunization. Kind of
adjuvant, and dose of tumor cells and adjuvant.

Synthetic analogs of trehalose-dimycolate will be injected intravenously
to test whether these immunostimulants can eradicate microscopic pulmonary
metastases.
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Project Description

Objectives ; The main objective of this project is to define isolated

mycobacterial components with maximal antitumor effects and minimal toxicity.

Methods Employed ; Malignant hepatomas were induced in strain-2 guinea

pigs by the feeding of diethylnitrosamine. Ascites variants of the tumors

were maintained by serial intraperitoneal passage.

A fibrosarcoma arose in the subcutaneous tissues of a C3H/HeNIcr male

mouse after implantation of paraffin pellets containing ^% 3-methylcholan-
threne. The tumor was maintained by serial passage in syngeneic mice.

Mineral oil/water emulsions of mycobacterial components were prepared
by ultrasonification or grinding. The following mycobacterial components
were investigated; BCG cell walls, heat killed BCG cells, trehalose-
6,6'-dimyGolate (TDM), and sulfolipid I.

Emulsified mycobacterial components were infiltrated into the growing

tumors. The tumors were subsequently observed for progression or regression.

Mycobacterial preparations were injected intravenously into normal mice

and their weight and deaths were recorded. Histopathology studies were
conducted in mice after iv inoculation of TDM, or of C76 or C39 (synthetic
compounds related to TDM)

.

Major Findings ; 1) Cell walls (CW) of M. bovis (BCG) incorporated in

mineral oil droplets in aqueous emulsion stabilized by the detergent
Tween 80 were immunotherapeutically at least as active as living BCG
in prolonging survival of guinea pigs each with an established dermal

tumor, and microscopic lymph node and visceral metastasis established

by intravenous inoculation of tumor cells. 2) The influence of mineral
oil, squalane, squalene, or peanut oil on^ the antitumor activity of emulsified
CW or emulsified trehalose-6,6 '-dimycolate (TDM) was studied in mice
each with an established transplant of a syngeneic fibrosarcoma. TDM

is a mycobacterial glycolipid also known as "cord factor". Each animal

received an intratumoral injection of CW or TDM emulsified in 1 to 10$

oil. Emulsions of squalene or squalane but not peanut oil wer.e^ effective
substitutes for mineral oil as carriers of CW in the treatment of the

tumor. TDM was therapeutically active when it was incorporated in any

of these four oils. The number of animals in which tumor regressed completely
depended on the concentration of oil in the emulsion. 3) Synthetic
compounds related to TDM, C39 (MW=672) and C76 (MW=1298) were tested

for antitumor activity. Injection of emulsified C39 or C76 into transplants
of the murine fibrosarcoma induced complete regression of tumor in most
of the animals. On a weight basis, C76 was about 3 times, on a molar
basis 6 times, more active than C39. Intravenously administered mineral
oil-in-water emulsions of C39 , at a dose that had an effective antitumor
activity, were not toxic and only minimally granulomagenic. Experiments
on comparison of toxicity of C39 and C76 are in progress. Squalane or

squalene, but not peanut oil, were effective substitutes for mineral

660



Project No. Z01 CB 08529-03 LIB

oil as carriers of C39 in the treatment of the tumor. 4) The influence

of Tween 80 content on the antitumor activity of emulsified mycobacterial
components administered intralesionally was studied in mice. The number
of treated animals in which there was complete regression of tumor depended
on the concentration of Tween in each of the emulsions. An additional
variable was the size distribution of the mineral oil droplets which
depended on whether the emulsions were prepared by ultrasonication or

by mechnical grinding. Emulsions of mycobacterial components (cell walls
of Bacillus Calmette-Guerin and trehalose-6,6 '-dimycolate) prepared by

ultrasonication contained smaller oil droplets than those prepared by

grinding. Ground emulsions retained antitumor activity over a wider
range of Tween concentrations than did ultrasonically prepared emulsions.
The latter required Tween at concentrations in an optimal range above

which the tumor regressive potency was diminished. Emulsions of trehalose-

6,6 '-dimycolate containing the lowest concentration of Tween needed to

produce a relatively stable preparation contained larger oil droplets
and were, immunotherapeutically less active than those prepared with an

optimal concentration of Tween. Emulsions of Bacillus Calmette-Guerin
cell walls retained antitumor activity even in the absence of added Tween.

CW were not immunotherapeutically active when given as an aqueous suspension

lacking mineral oil with or without Tween. 5) The influence of Tween

content on the immunotherapeutic capability of emulsified CW was studied

in guinea pigs, each with an established transplant of a syngeneic hepatocar-

cinoma in their skin and with tumor cells in the draining lymph node.

Each animal received an intratumoral injection of CW emulsified in mineral

oil, squalane, squalene or hexadecane. Emulsions of squalene or hexadecane
were effective substitutes for mineral oil as carriers of CW in the treatment
of the tumor, if the Tween concentration was reduced to one hundredth
or less of its concentration in the mineral oil emulsions. Squalane
was an effective substitute for mineral oil as a carrier of CW even in

the presence of the concentration of Tween used in mineral oil emulsions.

6) Heat-killed whole BCG cells (KC) and CW were each tested in emulsified
form for their potency to cause regression of a transplanted guinea pig

hepatoma. On a weight basis, KC were at least as effective as CW in

causing tumor regression and elimination of microscopic lymph node metastasis,

and they, as well as purified protein derivative of mycobacteria, provoked

delayed cutaneous hypersensitivity reactions in animals immunized with

CW or with KC. On a weight basis, CW were as active as K-C- in -eliciting

delayed cutaneous hypersensitivity in sensitized guinea pigs whether

the animals were immunized with CW or with KC. In unimmunized animals

the inflammatory response to intradermally administered CW was similar
to that induced by KC. These data provided no compelling reasons for

using CW instead of KC in clinical trials of cancer treatment by intralesional

injection of mycobacterial components. 7) Susceptibility to the lethal

toxicity of endotoxin in mice pretreated with emulsified TDM was enhanced

by (a) increasing the oil concentration while keeping the Tween concentration

constant; and (b) decreasing the Tween concentration, while keeping

the oil concentration constant. 8) Emulsified mixtures of sulfolipid

I and TDM had tumor regressive activity comparable to, but were less

toxic than, emulsified TDM alone. 9) In a clinical trial in progress
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in W. Germany, Dr. J. Bier has so far treated 10 patients with head and

neck cancer by intratumoral injection of CW in mineral oil emulsion.

Each patient assigned to immunotherapy by random selection received 3

mg of CW incorporated in mineral oil droplets and three weeks later was

treated by surgery. The side reactions consisted only of fever up to

39 °C which returned to normal after 24 hours, and a transient reduction

in circulating lymphocytes. The same reduction in lymphocytes occurred

in patients treated by surgery alone. 10) At the N.I.H. Clinical Center

(Bethesda, MD) a patient with recurrent malignant melanoma consisting

of lymph node metastasis and 18 cutaneous lesions was treated by injection

of emulsified CW into each of the cutaneous lesions. There was an inflammatory

response in each lesion and evidence of regression of the injected lesions.

Toxicity was similar to that seen in the patients with head and neck cancer

treated by intralesional injection of emulsified CW. These results are

encouraging because of the mild toxicity induced by emulsified CW in compari-

son with the systemic BCG infection and loss of platelets which sometimes

occurred in melanoma patients treated intralesionally with living BCG

at the Clinical Center in a previous study.

Significance to Biomedical Research and the Program of the Institute:

Immunotherapy with intralesionally administered mycobacterial components

was effective treatment for animals with solid tumors and with no evidence

of gross lymph node or visceral metastasis. There are clinical situations

in which similar treatment might be a practical and desirable approach.

Killed BCG with TDM has been reported to be effective in the treatment

of human skin cancer (Cohen and Bekierkunst - personal communication).

Nonviable mycobacterial components could provide stable and easily standardizec

immunotherapeutic agents and would avoid the risk of progressive infection.

Several nonviable mycobacterial preparations have been found to be at

least as effective as living BCG for experimental tumor immunotherapy
if the agents are administered intralesionally. Additional studies to

establish the safety and efficacy of such agents for clinical use are

in progress. Toxicity studies in experimental animals could identify

immunotherapeutic doses of mycobacterial components that produce acceptably

low levels of hypersensitivity reactions. Clinical trials of the efficacy

of mycobacterial components in the treatment of human cancer might be

facilitated by the substitution of a digestible oil such as squalene for

indigestible mineral oil in the preparation of the emulsionsv The availability

of synthetic compounds for cancer immunotherapy offers an opportunity
to explore the relationship between the chemical structure of the agent

and its tumor regressive potency. The results of such studies may permit

the design of molecules with antitumor activity and without unwanted side

effects.

Proposed Course of Project : Experiments designed to determine the require-

ments for successful immunotherapy will be continued. Emphasis will be

placed on the isolation and definition of additional components of mycobacteria

which cause regression of dermal tumors and palpable lymph node metastases.

Synthetic analogs of mycobacterial components will be investigated for

their antitumor activities. Attempts will be made to cure advanced tumors,

which currently available mycobacterial preparations failed to affect,
by a combination of chemotherapy and immunotherapy.

662



Project No. Z01 CB 08529-03 LIB

The optimal doses, and kinds of drugs and mycobacterial preparations
and schedules of administration will be established.
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Pretreatment of tumor cells with chemotherapeutic agents , metabolic inhibitors
,
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the attributes of the cell which are modified following treatment with the

agents, and to determine if these treatments affect the cells' susceptibility

to other types of immune attack (i.e., cell mediated killing )

.
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Project Description

Objectives : 1) To study the mechanisms whereby enzymes, metabolic inhibitors,
and anti-lipidemic agents increase the sensitivity of tumor cells to immune
attack; 2) to study mechanisms whereby hormones decrease sensitivity of cells
to immune attack; 3) to determine the physical and chemical processes and cell

products which may be modified following such treatment; 4) to determine the
processes which may be modified following immune attack.

Methods Employed : Antibody is quantitated by the complement (C) fixation and
transfer test and immune cytolysis. Sensitivity of cells to antibody-C attack

is measured by uptake of trypan blue and/or release of ^^lUdR. Incorporation
of radioisotopically-labelled precursors of DNA, RNA, protein, complex carbo-
hydrate, glycoproteins, glycolipids and lipids are being used to measure
general metabolic properties of the cells. Thin layer chromatography is being
utilized to analyze and identify specific lipid moieties synthesized by the

cells. Sucrose density gradient ultracentrifugation is used to prepare plasma
membrane and intracellular membrane fractions of tumor cells. High pressure
liquid chromatography (HPLC) is being utilized to determine the lipid and fatty
acid content of the cells. Sensitivity of cells to cell-mediated immune attack
is measured by Cr release.

Major Findings : The ability of line-1 and line- 10 tumor cells to resist humoral
immune attack correlated with their ability to synthesize cmmplex lipids, but
not DNA, RNA, protein, or complex carbohydrate. Cells treated for short periods
or with low doses of metabolic inhibitors or chemotherapeutic agents are not
rendered susceptible to killing and are not inhibited in their lipid synthesis;

these cells are inhibited in their synthesis of DNA, RNA, protein, and complex
carbohydrate. Prolonged incubation of the cells with high concentrations of

drugs renders the cells sensitive to killing and inhibits their ability for

complex lipid synthesis. Both of these effects reverse within 4 hr of reculture
without drug; the cells do not regain their ability to synthesize DNA, RNA,

protein or complex carbohydrate.

Line-1 tumor cells treated with effective drugs that were rendered sensitive
to killing by anti-Forssman antibody plus guinea pig C (GPC) but not specific
antitumor antibody plus GPC, were inhibited in their incorporation of saturated

(palmitic and stearic) fatty acids, but not in their incorporation of an
unsaturated (linoleic) fatty acid. Cells rendered sensitive to drug treatment
to killing by either antibody plus GPC were inhibited in their incorporation of

both saturated and unsaturated fatty acids.

Line- 10 cells are normally resistant to killing by antibody plus GPC but they
are susceptible to killing by antibody plus human C (HuC) . Pretreatment of

the cells with selected proteolytic enzymes renders the cells susceptible to

killing by antibody plus GPC, whereas pretreatment with polypeptide, catechol-
amine, or steroid hormones renders the cells more resistant to killing by

antibody plus HuC. Hormone-pretreated tumor cells incubated with proteolytic
enzymes remained resistant to antibody-GPC-mediated killing. Enzyme-pretreated
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cells incubated with hormones were either sensitive or resistant to antibody-
GPC-mediated killing depending on the enzyme used to pretreat the cells, the

enzjrme concentration, the hormone class, and the specificity of the antibody
used to sensitize the cells. The enzyme-pretreated cells were able to bind
amounts of hormones sufficient to render the cells resistant to humoral immune
killing.

Selected polypeptide (insulin), catecholamine (epinephrine), and glucocortico-
steroid hormones (hydrocortisone and prednisolone) increase the resistance of

line-1 guinea pig hepatoma cells to humoral immune killing. Line-1 tumor cells

incubated for 1 hr at 37°C with 10~ to 10~^ M concentrations of any of these
hormones became more resistant to killing by antibody plus GPC and exhibited

increased levels of fatty acid incorporation into lipids compared to untreated
cells. Cells incubated with hormone for 4 hr at 37°C became as susceptible to

antibody-GPC killing as untreated cells; lipid synthesis in these cells likewise
reverted to control levels. When the reverted cells were reincubated with a

different, but not the same, hormone, they were again rendered more resistant

to antibody-GPC killing and their lipid synthesis was restimulated. Thin layer
chromatography of lipid extracts from hormone-treated as well as from restimula-

ted cells indicated that the increased resistance of the cells to killing
correlated with increased synthesis of phosphatidylcholine, phosphatidylserine,
and in some instances, triglycerides. The cells' reversion to the susceptible

state during prolonged incubation with hormone or restimulation with the same
hormone was accompanied by a reduction in the synthesis of these lipids along

with an increase in cholesteryl ester and cardiolipin synthesis. The synthesis

of other phospholipids and neutral lipids did not correlate with the ability
of these tumor cells to resist humoral immune killing.

Agents that increase (metabolic inhibitors) or decrease (hormones) the sensi-

tivity of line-10 tumor cells to killing by antibody plus C were examined for

their effects on the chemical, physical, and enzymic composition of the cells.

A technique for isolating purified plasma membrane and intracellular fractions

of the cells was developed, and the effects of the drugs and hormones on the
chemical and enzymic characteristics of isolated plasma membrane and intracellu-

lar fractions of these cells were also measured. Adriamycin treatment resulted

in a decrease in the amount of ribonucleoprotein and smooth endoplasmic reticulum
isolated from the cells as compared to untreated cells. Hormone^ Xinsulin or

hydrocortisone)-treated cells were enhanced in their yield of this fraction
but were decreased in their yield of mitochondria as compared to controls.

Generally, the drug-treated cells were decreased, whereas hormone-treated cells

were enhanced, in protein, lipid phosphate, and total phosphate content, as

compared to untreated controls. This pattern was also noted in the plasma

membrane fraction of the cells and, in several cases, in intracellular membrane
fractions, suggesting that the protein, lipid phosphate, and total phosphate

content of the plasma membrane and intracellular membranes of these cells

correlate with their ability to resist humoral immune attack. The enzymic
analysis of the isolated subcellular fractions (Na+-K-I—ATPase, glucose-6-

phosphatase, cytochrome C oxidase, and 5'-Nucleotidase) indicated that there
was no contamination of isolated plasma membrane fractions with intracellular

material and that the purity of the intracellular fractions was also high.
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Using the enzyme assays, it was observed that adriamycin treatment increased

the specific activity of 5 '-Nucleotidase and glucose-6-phosphatase in the
mitochondrial fraction of the cells, 5 FU treatment and hydrocortisone treat-

ment increased the specific activity of 5 '-Nucleotidase and cytochrome C

oxidase in the mitochondrial and endoplasmic reticulum fractions. 5 FU-treated
cells were totally lacking Na-1—K+-ATPase activity.

Reverse-phase thin layer chromatography of drug- or hormone- treated cells was
utilized to determine the effects of these agents on the fatty acyl composition
of newly synthesized cellular lipids. The drug-induced sensitivity to antibody-
C killing was accompanied by an increase in the amount of newly acylated

unsaturated fatty acids (C18:l, C18:2, and CI8:3) in the cellular lipids.
Cells washed free of drug that had reverted to the resistant state as well as

control levels of lipid synthesis showed a fatty acid composition similar to

that of untreated control cells. Insulin treatment of line-10 cells had no
measurable effect on newly acylated fatty acid composition. Treatment with

hydrocortisone enhanced the newly acylated C20:4 content of the cellular
lipids, but did so regardless of whether the cells were resistant or sensitive.

Drugs known as having anti-lipidemic activities were tested for their effects
on the sensitivity to antibody-C killing and macromolecular synthesis of

line-1 and line-10 tumor cells. Gramicidin D, DL-isoproterenol, L-isoproterenol
and dopamine increased the sensitivity to antibody-C killing of line-1 and

line-10 tumor cells compared to control untreated cells. d-Amphetamine
increased the sensitivity to antibody-C killing of line-1 cells but not line-10
cells. DL-carnitine, orotic acid, AY-9944 and nicotinic acid were ineffective

in increasing the sensitivity of line-1 or line-10 cells to antibody-C killing.
The drug-treated cells that were increased in their sensitivity to antibody-C
killing were inhibited in their ability to incorporate amino acids and fucose
into TCA-precipitable macromolecules.

Significance to Biomedical Research and the Program of the Institute :

Modification of tumor cells by metabolic inhibitors, hormones, chemo therapeutic
agents and anti-lipidemic agents furnishes a new tool to study the interaction
of tumor cells with the immune defense mechanisms of the host. The study of
the response by tumor cells to humoral or cellular immune attack through

modifications in various cellular metabolic pathways provides information
regarding the mechanism of defense or cytomembrane repair processes in these
cells. Modification of these processes may lead to cells that are more
vulnerable to immune attack mechanisms.

Proposed Course of Project : Radioisotope incorporation studies will be
continued as probes to determine the cellular functions which are modified
by treatment with drugs or hormones. The chemical attributes of normal cells,
tumor cells and treated tumor cells will be studied. Work will continue on
the effect of enzymes, hormones and inhibitors of macromolecular synthesis on

the metabolic function of the tumor cells. Analysis of membrane-associated
and intracellular macromolecules in these cells will be pursued. Further
quantitative chemical analysis of the lipid and fatty acid composition of

cells that are susceptible or resistant to immune killing will be made.
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Project Description

Objectives ; 1) To cure tumors and induce tumor immunity by direct treatment
of established tumors with chemotherapeutic agents; 2) to study the development
of cellular and humoral immunity in cured animals.

Methods Employed : Inhibition of tumor growth in animals cured of tumors by
intratumoral chemotherapy is used to measure the development of tumor immunity.
Intradermal injections of the ascites form of line-10 tumor cells is used to

determine malignancy. Immunological techniques employed to measure humoral
and cellular immunity include C fixation, antibody-C mediated killing and

cell-mediated cytotoxicity.

Major Findings : Intralesional injection of selected chemotherapeutic drugs
causes regression of the malignant guinea pig hepatoma line-10. The drugs
used were actinomycin D, adriamycin, DCNU, cisplatinum, vincristine, metho-
trexate and bleomycin. DTIC and 5 FU are not effective in causing regression
of tumor growth. Injections, starting 7 days after tumor implantation, were
given 5 times a week for 3 weeks. At this time, metastasis to draining lymph
nodes had already occurred. Tumor regressed in all animals except those
treated with methotrexate. None of the treatments showed evidence of drug
toxicity to the animals.

Intralesional chemotherapy of 7 day intralesional line-10 tumor with one
injection of mixtures of Atromid-S plus DTIC were not effective in causing
tumor regression. Different concentrations of Atromid-S (300 and 600 mg/kg)
were mixed with nontoxic concentrations of DTIC (20 mg/kg) or 5 FU (15 mg/kg).
In in vitro studies, Atromid-S inhibited synthesis of lipids and 5 FU inhibited

synthesis of DNA, RNA, protein and complex carbohydrate, but not lipid synthesis,

Significance to Biomedical Research and the Program of the Institute : These
studies in a syngeneic tumor animal model system are designed for analyzing
the mechanism of intralesional chemotherapy. The development of this system

should make it possible to better utilize intratumoral therapy of human cancer.

Proposed Course of Project : Further studies on the effects of intratumoral
chemotherapy into tumors growing for longer than 7 days. Histology of the
tumor sites at various times after injection of chemotherapeutic agents will

be studied. Studies will be performed to determine the effect of multiple
small injections of drugs into tumors growing for longer than 7 days.

Techniques of humoral and cellular immunity to the tumor will be employed
to more critically define the immune status of the treated animals.
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This is a long-range project investigating the mechanism of complement

fixation and action. In particular the interaction of antibody-antigen

complexes with the first component of complement and the result of this

interaction on the other components are investigated. The relation between

antibody action and complement activation is also explored. Finally, the

significance of complement in the humoral immune defense mechanism is

studied.
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Project Description

Objectives : To develop new methods and to use available complement (C) fixa-
tion tests based on the fixation and transfer of the first component of C (CI)

and cytotoxic tests for the analysis of antigen-antibody reactions, in particular
in the search for cancer specific antigens.

Methods Employed : The model for studying cytotoxic reactions mediated by
antibody and C consists of sheep erythrocytes, hemolytic antibody and guinea
pig C (GPC). Purification procedures for antibodies and the C components
include: preparative (large-scale) gel filtration, ion exchange chromatography

and preparative free electrophoresis. Other techniques used include precipitin
and iramunoelectrophoretic analysis, analytical, zonal and preparative ultra-
centrifugation and other immune- and physico-chemical methods. Development
and application of quantitative analytical methods which utilize radiolabelled
tracer molecules are being emphasized.

Major Findings : The ultimate goal of this work is the development of immuno-

logical tools that permit exploration of 1) immunological approaches to cancer

diagnosis and 2) possible host immune defense mechanisms against cancer.

The use of Concanavalin A (Con A) as a probe of C component structure as related
to its function continued. Con A immobilized on Sepharose 4B was found to bind

all the components of the guinea pig and human classical C pathway, except C6,

C7 and C9. Fluid phase Con A inhibited the hemolytic activity of fluid phase
C2°-^, C3, C5 and C8; however, with the exception of C3, the hemolytic activity

of cell-bound components was not inhibited. The degree of inhibition for a
given quantity of the component was dependent on the concentration of Con A.

The lectin had no effect on the extent or rate of decay of cell-bound C5 or

unoxidized C2.

These results suggest that several of the components of the human and guinea
pig classical C pathway contain exposed sugar moieties and that these may play

a role in their functional activity.

The mechanism of C fixation and hemolytic action at cell surfaces has been

further explored with the development of new approaches to passive hemolysis.
In passive hemolysis, antigens or haptens are coupled to red cell surfaces;

the resulting cell-bound antigenic or haptenic group serves, as a_ -target for

homologous antibody; the antibody-antigen complexes thus formed in turn serve

as activators for the C system leading to the lysis of the cell. The principle

of this approach has been known for at least 20 years, but has not been fully
developed either for studying fundamental aspects of generation of C-fixing

(CF) complexes or for the development of inhibition assays for drugs and other

small molecular weight substances. Coupling to sheep erythrocytes (E) of

various haptens or antigens can be achieved by CrCl3 or carbodiimide. Albumin,

immunoglobulin (IgG and IgE) , transferrin, and hemocyanin coupled to sheep E

all served as efficient targets for rabbit or goat antisera. Complexes generated

with rabbit antisera directly fixed C and could lyse the cell while complexes

generated by goat antisera (a non-CF Ig type) were converted to CF complexes by

adding excess Ra-anti-goat Ig antibody.
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When antigen not bound to the cell was added to a defined amount of antibody,
generation of CF complexes was inhibited and hemolysis was reduced. As little
as 1 ng of a protein antigen could be detected by the hemolytic inhibition

assay. The assay was also useful for the detection of methotrexate, folinic
acid, leritine and 5 MTHF and as little as 0.1 ng of some of these compounds
could be detected by the hemolysis- inhibition assay. The assay is about as

sensitive as RIA for the same compounds and has the advantage that aside of
a spectrophotometer, no specialized equipment is needed. Fundamental studies

on the generation of CF complexes by Ig with the various compounds tested were
also carried out. Since many of the haptens are monovalent, i.e., can react
with only one IgG molecule, the passive hemolytic system offers an opportunity
to study the composition of Ig complexes with respect to fixation of CI and
activation of the complement sequence. Preliminary results are encouraging in

that the dose-response curve analysis revealed that with rabbit IgG, the size
of the IgG complex can range from 2 to 4 for various haptens. One important
aspect of this problem is how monovalent haptens can generate polymers of IgGs.

The principle of passive lysis has also been applied to cytotoxic reactions

of tumor cells. Both specific antitumor antibodies and anti-Forssman antibodies
can serve as targets for anti-antibodies. The experiments showed that the

number, class and origin of species of the first and the second antibodies are
of crucial importance for passive lysis of tumor cells by C. The system also
lends itself to studying quantity of antigens, persistence and turnover of

antigen-antibody complexes and the effect of C on these variables. The results
showed that it was possible to detect antigens on tumor cell surfaces that were
not measurable by direct antibody uptake and/or C-fixing tests; that antigen-
antibody complexes persisted for several hours in the C-fixing state; and that
passive lysis of tumor cells is a highly reproducible and sensitive way of

determining specific antigens on cell surfaces.

Significance to Biomedical Research and the Program of the Institute :

C fixation is one of the most widely used diagnostic tools. The development
and successful application of a very sensitive C fixation test, the CIFT test,

opened up new possibilities in determining antigen-antibody reactions on cell
surfaces.

Furthermore, cytotoxic reactions due to antibody and C are. prime- examples of
body defense mechanisms. Fundamental research into the nature and mechanism
of C fixation and action will contribute greatly to the development of diagnostic
tools and to the understanding of the mechanism of immune body defenses.

Proposed Course of Project : This is a longe-range project, and little change

is expected in the scope of the work during the next few years. The ultimate
goals of this project are the development of better diagnostic tools and the
elucidation of molecular events associated with the action of C and antibodies.
It is hoped that as a result of our program of inquiry into the basic problem
of the interaction of antibodies, antigens and components of C, tools will be
developed that are of practical significance in the search for cancer antigens.
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Project Description

Objectives : A study of the molecular aspects of antibody-complement lysis and
antigen topography of nucleated cells.

Methods Employed : Antibodies to normal and tumor antigens are detected and
quantified by immune cytolysis, colony inhibition, CI fixation and transfer
(GIFT), uptake of ^253;_]_^|3g2_]_3(j antibody, and by binding of ^^^I-labelled
Protein A. Immunochemical methods, including Sephadex and DEAE chromatography,
electrophoresis, immunodiffusion and ultracentrifugation are employed to

isolate antibody, protein and complement (C) components.

125A cytotoxic assay to quantify antibody-C killing based on the release of I

from 125xudR prelabelled tumor cells has been developed.

Major Findings : The malignant guinea pig cells, line-1 and line- 10, contain
Forssman antigen. Line- 10 sensitized with anti-Forssman antibody is resistant
to lysis by guinea pig C (GPC) whereas line-1 is not, despite the fixation of
equivalent quantities of anti-Forssman antibody.

An intermediate in the killing of line-1 tumor cells by antibody and human C
(HuC) or GPC has been isolated. This intermediate, called T*, is a tumor cell
coated with antibody and all the necessary components of C required for killing
to occur. The formation of T* is dependent upon the time and temperature of

incubation of antibody-coated cells with fluid-phase C. T* were only formed
on addition of the entire sequence of C components (1-9). A similar T*
intermediate can be isolated in the antibody-HuC killing of line-10 cells.

Studies on the resistance of line-10 cells to killing by antibody and GPC have
revealed that this resistance could be overcome by pretreatment with a variety
of proteolytic enz3nnes and selected metabolic inhibitors. This increase in
sensitivity could not be attributed to the quantity of C-fixing antibody bound
by the cells, or to a direct effect on fluid-phase C. Anticomplementary
material was removed from the tumor cells by proteolytic enzyme treatment.

This material was found to act as a C2 decay acceleration factor, but its
removal did not account for the observed increase in sensitivity of the cells
to antibody-GPC killing.

Two human lymphoblastoid cell lines, Raji and PY, in their - lag er stationary

phase of growth, are relatively more resistant to killing by rabbit anti-ALS or
human anti-HLA plus C. The difference in sensitivity of PY cells was not due
to differences in antigen expression as measured by quantitative absorption
tests. At this time antigen expression has not been determined with Raji cells.
Attempts to isolate cells in S , G-^ or Gq phase of the growth cycle were met

with limited success. These attempts to isolate cells in a particular growth
phase included centrifugation in Ficoll or albumin gradients as well as seeding
low numbers of stationary phase cells into culture. This latter technique
showed DNA synthesis to occur and continue approximately 22 hr after initiation
of the culture. No difference in sensitivity to antibody-C-mediated killing

was observed with cell preparations partially enriched with cells in G, or S

phase.
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The sensitivity of the line-1, line-10 and the human lymphoblastoid cell lines
to killing by C from different species was also determined. Human, rabbit and

goat C were generally more effective than GP in killing the cells. Rat C was
effective in killing line-1 cells sensitized with anti-Forssman or antitumor
antibody was only effective in killing line-10 cells sensitized with antitumor
antibody and slightly effective in killing human lymphoid cells in stationary
phase of growth.

The sensitivity of the human cell lines and the mouse cell line designated
P815 to killing by antibody plus C can be increased following treatments with
various metabolic inhibitors. The effectiveness of the drugs in rendering
the human cells sensitive was dependent upon the growth phase of the cells in

culture. Cells in stationary phase were generally not rendered susceptible
to killing whereas cells in lag or log phase of growth could be rendered more
susceptible than untreated control cells.

Studies on the effects of lipids on C-mediated killing of line-1 and line-10
tumor cells showed that phosphatidylglycerol , cardiolipin, phosphatidyl-
ethanolamine were effective in inhibiting the cytotoxic action by human, rabbit
and goat C. Phosphatidylserine and phosphatidylglycerol were effective in
inhibiting GPC activity while phosphatidylglycerol enhanced rat C activity
against line-10 cells sensitized with antitumor antibody but not anti-Forssman
antibody. The inhibitory effects of the various phospholipids are dependent
upon antibody used to sensitize the cells on concentration of lipids used to

treat the C and on the time the lipids were added to HuC. The inhibitory
effect of the lipids appeared to be at the stage of formation of T*. Addition
of lipids to T* did not interfere with its transformation to dead cells.

Addition of cAMP to T* inhibits their transformation to dead cells. The effect
is reversible if the cAMP is removed within 4 hr incubation at 37°C. Optimum
doses of certain metabolic inhibitors which increase the sensitivity of line-10
hepatoma cells to C-mediated killing were also found to decrease the levels of

cAMP. Preliminary experiments with hormone's which increase the resistance to
killing have led to equivocal results and no conclusions at this time can be
made to determine if increased resistance to killing is due to higher levels
of cellular cAMP.

Significance to Biomedical Research and the Program of the Institute : The
elucidation at the molecular level of the effects of antibody and C on both
normal and malignant cells may be important in understanding control of cell
growth by immunologic mechanisms.

Control of tumor cell growth in vitro makes it possible to study the action of
specific and nonspecific agents on the cells at different stages of their growth
cycle. The knowledge obtained from in vitro experiments will be very helpful
when applied to the study of more complicated in vivo conditions.

Proposed Course of Project : The effect of antibody and C on nucleated cells
will be further analyzed. This will include studies on the binding and
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utilization of C components during the cytotoxic reaction. The effects of
the stages in the growth cycle of the cell and the physical and biochemical

events that occur during formation and transformation of T* will also be
studied.

Publications

Ghanian, S. H. , Schlager, S. I., Yamazaki, M. , and Ishida, B. : Effect of

specific phospholipids on antibody-complement-mediated killing of nucleated
cells. J. Immunol. , in press.
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studied.
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Project Description

Objectives : 1) To determine the factors governing the susceptibility of

different targets to antibody-complement killing and 2) to develop techniques
for the detection of complement (C) components bound to the cell surface.

Methods Employed : Immunochemical methods including DEAE chromatography,
electrophoresis and immunodiffusion are employed to isolate antibodies, protein
and C components. Quantitation of antibody and C components on a molecular
basis is carried out using radioisotopic labelling, quantitative precipitin

procedures, C fixation tests, and other immunochemical tests.

Major Findings : The terminal stages of antibody-C mediated killing of sheep

erythrocytes (E) has been studied as a model for C killing. These studies
have revealed that all nine components of the classical C pathway were

required to generate a lytic site but that binding of C9 alone was not
sufficient for lysis to occur. This has led to the isolation of an inter-

mediate in the C-mediated killing designated E* which undergoes a series of

reactions in the absence of fluid-phase C to generate a lytic site.

In studying these reactions, a sequence of events in which C9 binds to EACl-8
(EACl-9 bound; trypsin sensitive) becomes inserted into the membrane (EACl-9

inserted; trypsin resistant) and then undergoes activation which apparently is

an enzjmatic step with a QIO of approximately 2 which can be inhibited by a

variety of metal salts (e.g., uranyl, zinc, copper) has been established. The

result of the action of the inserted C9 (not merely its insertion) is the
formation of a transmembrane channel. The size of the transmembrane channel

formed was not uniform and could be shown to vary as the ratio of C9 molecules
bound per C8 site was varied. A similar intermediate has been isolated in the

antibody-C killing of tumor cells and designated T*. This intermediate has

similar properties to E*. The tumor cells can be inhibited from death by high
molarity EDTA, a number of membrane-active agents and cAMP. The inhibition

of cAMP was unique in that prolonged incubation of T* with cAMP led to the
negation of cell death following removal of the cAMP. This observation has

suggested that nucleated cells (but not erythrocytes) have the ability to

respond and. nullify the potential lethal effects of C attack.

Significance to Biomedical Research and the Program of the Institute : The
study of the attack mechanism of the terminal C components' allows a molecular

analysis of a lytic pathway of the immune system. The elucidation of the

biochemical events leading to specific cell destruction may provide rationale
for modifying the susceptibility of foreign cells to humoral immune attack

with beneficial results to the host.

Proposed Course of Project : Techniques for purifying C9 and other terminal

C components will be further explored to develop quantitative assays for

C components bound to cell surfaces. The functional activity of C8, C9 and

the target cell membrane will be studied in an attempt to define and elucidate
the mechanism of action of C. These studies will include the study of the

biochemical action of C8 and C9 and the analysis of the role played by the

target cell membrane in the lytic reaction.
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Boyle, M. D. P. and Borsos, T. : Studies on the terminal stages of immune
hemolysis. V. Evidence that not all complement produced transmembrane
channels are equal. J. Immunol., in press.

Boyle, M. D. P., Gee, A. P. and Borsos, T. : Studies on the terminal stages
of immune hemolysis. VI. Osmotic blockers of differing Stokes' radii detect
complement-induced transmembrane channels of differing size. J . Immunol .

,

in press.

Boyle, M. D. P., Langone, J. J. and Borsos, T. : 1,10 Phenanthroline mediated
hemolysis—Evidence that 1,10 phenanthroline does not substitute specifically
for C9. Molec. Immunol . 16."- 307-312, 1979.

Boyle, M. D. P., Langone, J. J. and Borsos, T. : Studies on the terminal
stages of immune hemolysis. IV. Effect of metal salts. J. Immunol . 122:
1209-1213, 1979.

Boyle, M. D. P., Ohanian, S. H. and Borsos, T. : Antigenic distinction between
human C9 and guinea pig C9. Clin. Immunol. Immunopathol . 13: 103-113, 1979.

Gee, A. P., Borsos, T. and Boyle, M. D. P.: Interaction between components
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J. Immunol. Methods , in press.
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The purpose of this project is to determine what ultrastructural changes
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enzymes , hormones or following humoral immune attack . The techniques of

scanning electron microscopy and transmission microscopy will be employed.
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Project Description

Objectives : 1) To determine the ultrastructural modifications occurring in
tumor cells undergoing humoral immune attack, cellular immune attack and

chemical or physical treatment which increases their sensitivity to immune
attack; 2) to develop techniques for the localization of antibody and complement
(C) binding sites on tumor cell surfaces.

Methods Employed : Antibodies to antigens of tumor cells and selected C

components will be purified and labelled for detection in electron microscopy.
Histochemical, immunohistochemical and immunoelectron microscopy techniques
will be employed.

Major Findings : Procedures for the fixation of tumor cells in suspension or

growing in tissues of guinea pigs have been developed. Physical changes in

the surface structure have been observed in tumor cells as a result of C action.
In addition, preliminary experiments using techniques of fluorescent polariza-

tion have indicated differences in membrane fluidity of cells treated with
hormones or chemotherapeutic agents which render cells more resistant or

sensitive, respectively, than control untreated cells. Membranes of cells
rendered susceptible appeared to be more fluid while membranes of cells
rendered resistant appear to be more rigid than control cells.

Significance to Biomedical Research and the Program of the Institute : These

studies are designed for analyzing the ultrastructural changes which occur in

tumor cells following treatments which are effective in rendering the cells
sensitive to immune attack. Visualization of physical attributes of tumor

cells which may play a role in the resistance of tumor cells to immune attack
should help in the understanding of defense mechanisms to immune attack.

Proposed Course of Project : Analytical studies of morphological changes
occurring in tumor cells following antibody-C mediated attack will be expanded.

Purified antibodies specific for Forssman and tumor antigens will be labelled
with marker molecules for localization of these antigens on tumor cells.

Characterization at the SEM and TEM level, of pathological features of tumor
growth in vivo and of modifications following treatments. with_.various chemical
or physical agents.

Publications

Ohanian, S. H. , Schlager, S. I. and Borsos, T. : Molecular interactions of
cells with antibody and complement: Influence of metabolic and physical

properties of the target on the outcome of humoral immune attack. In
Reisfeld, R. A. and Inman, F. P. (Eds.): Contemporary Topics in Molecular
Immunology . New York, Plenum Publishing Corp. , 153-180, 1978.
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The purpose of this project is the development and application of

immunoassays for the quantitative determination of antibodies , antigens

and haptens in physiological fluids or bound to the cell surface .

Emphasis is placed on analysis of tumor-associated products and

chemotherapeutic drugs .
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Project Description

Objectives : To develop sensitive and specific inimunological assays which can

be used to study the metabolism and disposition of molecules of interest in
cancer research and treatment.

Methods Employed : Immunological assays for fluid-phase or cell-bound anti-

bodies and antigens are based on a general method developed in this laboratory

in which I-labelled Protein A ( -^I PA) (from Staphylococcus aureus ) is

used as a tracer for IgG antibody directed against the target molecule.

Radioimmunoassay (RIA) and immunoradiometric assay, which utilize radiolabelled
antigen or antibody, respectively, also are used. Other immunological and

physico-chemical methods including gel filtration, ion exchange and high

performance liquid chromatography, thin layer chromatography, affinity chroma-
tography (including immunoadsorption) , electrophoresis and ultracentrifugation

are used to prepare, purify, characterize, and quantify immunological and
chemical products.

Major Findings : Immunoglobulin G (IgG) in physiological fluids, can be
determined quantitatively in a competitive binding assay in which IgG in

solution (e.g. serum) and immobilized IgG compete for a limited amount of
^2^1 PA. The degree of competition is referred to a standard inhibition
curve obtained using known amounts of IgG to allow estimation of IgG in the

test sample. This principle has been extended to a general immunoassay method
in which ^^^I PA of high specific activity (100 Ci/mmole) and functional

activity (^ 85%) serves as a general tracer. Antigen (or hapten) is

immobilized by covalent binding to a solid bead support. Aliquots of the
appropriate beads are incubated with antibody (either purified IgG fraction

or whole antiserum), washed with buffer, then incubated with I PA. The
amount of '^^1 PA bound to the antibody-coated beads is a measure of antibody

binding. The ability of antigen (or hapten) in the fluid-phase to inhibit

the binding of antibody under optimal conditions, measured as inhibition of

^25i p^ binding, serves as the basis for -quantification in the assay. Assays

have been developed for several compounds including human chorionic gonado-
tropin (HCG) , human immunoglobulin M (IgM) , human immunoglobulin E (IgE)

,

methotrexate, leucovorin, indomethacin and several prostaglandins and

prostaglandin analogs. In each case, picomole levels or less of the homologous
ligand can be detected. The assays require only approximately^ 3' hr to perform,

give accurate reproducible results and are at least as sensitive as other
available immunoassay methods (e.g. radioimmunoassay). This method has been

used to measure levels of antigen or hapten (drug) in physiological fluids of

human subjects and experimental animals.

In a modified procedure, rabbit IgM antibody bound to tumor cells has been
determined quantitatively. This method is based on the ability of goat IgG

specific for rabbit IgM heavy chains to bind I PA when bound to the antigen.

By use of this technique the production of specific IgM antitumor antibodies
in rabbits following immunization with guinea pig hepatoma cells line-1 and

line-10 was followed. Antibodies to line-1 were mixtures of IgM and IgG.

Even in sera from animals given booster injections, IgM was the predominant
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class. In contrast, there was no significant IgM antibody produced following
immunization of rabbits with line-10 tumor cells. Immunization with line-10
gave IgG antibodies that were detected by direct binding of •'•'^^I PA to

antibody-coated cells.

Significance to Biomedical Research and the Program of the Institute :

Quantitative determination of antibodies and antigens is basic to the under-
standing of their role in immunological defense against cancer. Similarly,
quantitation of bio-active agents, either endogenous compounds or chemo-

therapeutic drugs and their metabolic products, is fundamental to our
understanding of how these agents work and may lead to a more rational basis
for their clinical use. Sensitive and specific analytical methods should help
achieve these goals.

Proposed Course of Project : Improved immunological and related physical and
chemical methods for the quantitative determination of tumor-associated

products, cancer chemotherapeutic agents and other compounds of interest in

cancer research will be developed and applied.

Publications

Alam, I. Langone, J. J. and Levine, L. : Immunoassay of indomethacin: The
use of •'•^I Protein A to detect specific serologic binding. Prostagl. Med .

2: 167-176, 1979.

Boyle, M. D. P. and Langone, J. J. : Complement-dependent cytotoxic antitumor
antibody. II. Quantitative determination of cell-bound IgM. J. Natl. Cancer

Inst . 62: 1537-1544, 1979.

125
Langone, J. J. : I Protein A; A tracer for general use in immunoassay.

J. Immunol. Methods 24: 269-285, 1978.

Langone, J. J., Boyle, M. D. P. and Borsos, T. : A solid-phase immunoassay for

human Immunoglobulin E: Use of ^^Sx-labeled Protein A to detect immunological

binding. Analyt. Biochem. , in press.

Levine, L. , Alam, I. and Langone, J. J.: The use of immobilized ligands and

125i-Protein A for immunoassays of thromboxane B2 prostaglandin D2, 13,14-

dihydroprostaglandin E2, 5, 6-dihydroprostaglandin I2, 6-keto-prostaglandin

F-j^a, 15-hydroxy-9ct, 11a- (epoxymethano)-prosta-5, 13-dienoic acid, and 15-

hydroxy-lla,9a- (epoxymethano)prosta-5, 13-dienoic acid. Prostagl. Med . 2:

177-189, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of this work is to study the cells that participate -

in the effector arm of the immune response . The current emphasis

in on chemotaxis , which is a mechanism by which cells can be

attracted to inflammatory sites, delayed hypersensitivity reactions

and growing tumors . The project includes histology of different

types of delayed hypersensitivity lesion , chemistry of lymphocyte
derived chemotactic factors and identification of substances that

modulate chemotactic and phagocytic responses.
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Project Description

Objectives ; To develop quantitative measures of reactions occuring
in the effector limb of the immune response; to study chemotaxis and
phagocytosis of inflammatory cells in relation to this objective.

Methods Employed : Complement-derived and lymphocyte-derived chemotactic
factors were generated. Human peripheral blood leukocytes were separated
on Ficoll-Hypaque gradients to obtain monocyte- and basophil-rich fractions.
Peritoneal macrophages were harvested from normal and BCG- infected mice.
Protein fractionation methods were employed to characterize chemotactic
factors and serum factors that modulate mouse macrophage chemotactic
responses.

Major Findings: In order to perform a detailed analysis of the previously
reported defect in monocyte chemotaxis responses of patients with cancer,

and new study of monocyte chemotaxis is in progress. Three chemotaxins
are being used: a chemotactic tripeptide, purified human C5a and partially
purified LDCF. When chemotaxin concentration is varied, the dose-response
to peptide or C5a shows an optimum. The decrease in response at high
concentrations is due to deactivation of the cells, specifically for
the high dose chemotaxin only. A majority of the monocytes have receptors
for all 3 of the chemotaxins studied. Several types of experiments
led to this conclusion. For example, after monocytes migrated to LDCF
and had spread out on the bottom of the polycarbonate membrane, they
migrated back to the top side of the membrane when C5a was placed in

the upper chamber. A new multi-well chemotaxis chamber is being designed,
so that these analytical approaches can be applied to relatively small
volumes of blood from patients with cancer.

Responses of macrophages can be altered by normally occurring macro-
molecules in body fluids. It was shown previously that mouse resident
peritoneal macrophages did not migrate toward chemotaxins if the cells

were suspended in tissue culture medium without serum. Responsiveness
in medium supplemented with serum was due, in large part, to a single
protein, macrophage stimulating protein (MSP). In contrast to its effect

on resident peritoneal macrophages, MSP has no action on peritoneal
macrophages from inflammatory exudates. This is an interesting, example
of the specificity of mediator interactions with different macrophage
populations. Although BCG-exudate macrophages in medium without serum

do not respond to chemotaxins and are unaffected by MSP, addition of

serum confers responsiveness. The active material in serum is albumin
or a factor bound to albumin.

Another example of differences among populations of mononuclear phagocytes
arose from studies on 3-deazaadenosine, an inhibitor of adenosyl-homocysteine
hydrolase. This compound caused profound inhibition of phagocytosis
of opsonized erythrocytes by mouse resident peritoneal macrophages j^
vitro. The inhibition was evident at concentrations as low as 2x10
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_7
M, and increased with increasing concentration and time

of exposure to the analogue. In striking contrast, phagocytic function

of human blood monocytes was unaffected by 3-deazaadenosine.

Significance to Biomedical Research and the Program of the Institute:

The finding that different serum proteins affect different subpopulations

of macrophages suggests that there may be regulatory serum factors that

modulate macrophage motility and other functions. Analysis of the chemotaxis

abnormality in patients with cancer may throw light on an early indication

of the interaction between tumor and host.

Proposed Course of Project: Further characterization of MSP and the

serum factors affecting function of exudate macrophages. Analysis of

the chemotaxis abnormality in patients with cancer.
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Project No. 201 CB 08576-07 LIB

Project Description

Objectives : To determine what immunological mechanisms occur in tumor
cell killing in order to provide a rational basis for elimination of
tumor cells by immunological means.

Methods Employed : Chemically- induced murine tumors, maintained in tissue
culture or by passage in syngeneic hosts were used. Effector immune
responses were measured by (1) cytotoxicity assays based on the release
of radioactive label from damaged target cells and (2) macrophage chemotactic
response to complement or lymphocyte-derived chemotactic stimuli.

Major Findings: Macrophage activation for in vitro tumor cytotoxicity,
much like the clotting or complement systems, requires completion of
a series of reactions. Characterization of activation signals and the
cells responsive to the signals was facilitated by discovery of strains
of mice with genetic defects. Macrophages from 25 different strains
of mice were treated Jji vivo and j^ vitro with known activation stimuli.
Nonresponsive mouse strains could be classified into three general groups:

1. C3H/HeJ mice: The tumoricidal defect of macrophages from C3H/HeJ
mice, a strain with a well characterized, genetically-controlled response
defect to the lipid A region of bacterial lipopolysaccharides , reflects
a genetic inability of C3H/HeJ macrophages to respond to terminal signals
in the activaton sequence. Although this inability is controlled by
a single gene closely linked or identical to the Lps gene on chromosome
4, the defect includes responses to signals unrelated to lipid A.

2. A/J mice: The tumoricidal defect of lipid A-responsive A/J mice
was phenotypically indistinguishable from that of lipid A-unresponsive
C3H/HeJ mice. Genetic analysis, however, revealed that the defect of
A/J mice was not at the Lps locus but rather represented gene mutations
at two entirely different loci.

3. P/J mice: P/J is the least characterized of. strains with macrophage
tumorical defects. Preliminary studies suggest that the defect of this
strain occurs earlier in the macrophage activaton sequence than defects
of either C3H/HeJ or A/J mice and reflects another entirely different
genetic mutation.

Macrophage function in mice with transplanted syngeneic fibrosarcomas
was also studied. Peritoneal macrophages from any of 6 different transplantable
syngeneic fibrosarcomas have both depressed responsiveness to chemotactic
stimuli in vitro and increased capacity to phagocytize antibody-coated
sheep erythrocytes. Similar changes in macrophage chemotactic and phagocytic
responses were also observed in normal mice treated intravenously with
sera from tumor-bearing mice. Normal mice treated with spleen, liver
or peritoneal cells from tumor-bearing mice also exhibited similar changes
in macrophage function; sera from these mice could, in turn, transfer
defects in macrophage function to other normal mice. However, transfer
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of tumor cells or sera from tumor-bearing animals into normal animals
produced significant elevations in serum lactic dehydrogenase activity.
Injection of serum from mice known to be infected with LDH virus into
normal animals produced the changes in macrophage function observed
with sera from tumor-bearing mice. Most, if not all changes in macrophage
function seen with cells from mice with transplantable tumors were secondary
to effects of virus infection and not of growing tumor cells.

Another possible mechanism for host destruction of tumor cells is secretion

of toxins. Culture fluids from PHA-stimulated mouse spleen cells destroy
tumor cell lines in tissue culture, as measured by release of H from

tritiated thymidine labeled tumor cells. With the exception that the

target cell is not the mouse L cell, the culture fluid activity is consistent

with the operational definition of lymphotoxin (LT). Although the activity
was eluted from Sephadex G-200 in one region, corresponding to a MW
of about 40,000, electrofocusing studies showed marked charge heterogeneity.

It was shown last year that some macrophage-like cell lines produced
a cytotoxin, which eluted from Sephadex G-200 in 2 peaks, one of which
corresponded to a MW of 40,000. These findings, along with the charge

heterogeneity of the spleen cell products, suggested that cytotoxins
might be produced by more than one cell type in the spleen cell suspension.

Spleen cells were plated in culture flasks and separated into adherent
and non-adherent fractions. Production of cytotoxic activity in response
to PHA by the separated fracions was low compared to that of the unfractionated
or recombined fractionated cells. These findings suggest that cooperation
of 2 cells, by mediator secretion or cell-cell contact, is required
for production of cytotoxic activity. Preliminary analysis in experiments

with varying ratios of adherent and non-adherent cells suggests that

synergy is mediated by an adherent cell and that the producing cell

is in the non-adherent fraction.

Significance to Biomedical Research and the Program of the Institute ;

Analysis of the effector immune events leading to tumor rejection may
provide a rational basis for manipulation of host responses or tumor

cell in an effort to eliminate or prevent progression of the tumor.

Proposed Course of Project ; Studies on the mechanisms of the killing
of tumor cells by macrophages; on the factors modulating macrophage
chemotaxis ad phagocytosis especially in tumor-bearing mice; further
characterization of mouse lymphotoxin production.
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Annual Report of the Laboratory of Cell Biology

National Cancer Institute

October 1, 1978 - September 30, 1979

This is a partial summary of some of the findings of this laboratory
without specific reference to the individual investigators.

Histocompatibility (H-2) Antigens

The purification of H-2 from RBL-5 leukemia cells using detergents has
been completed. Approximately 1 mg of material could be obtained from
2.6x10 ascites cells and the purification was 1500 fold. The H-2 antigen
was judged to be pure by SDS-PAGE, amino acid composition, amino terminal
sequence and reactivity with alloantiserum. Quantitation of both H-2 heavy
chains and 3^ microglobulin during purification showed that 6„m was bound
exclusively to H-2 on the cell surface although approximately 40% of the total
cellular g„ microglobulin was present as an unassociated monomer. No evidence
was obtained that 3„ microglobulin was bound to tumor antigens as reported,

for certain human malignancies. An accurate^-estimate of the amount of H-2
expressed on a tumor cell was obtained (6x10 molecules per cell) . Preliminary
studies revealed that H-2 purified in this way could be bound to artificial
membranes. It is hoped that these artificial membranes can be used as probes

to examine the interaction of H-2 with lymphoid cells. Studies have revealed

that plasma membranes can be used to stimulate allogenically primed cytotoxic

T cells i^ vitro .

Biochemically purified alloantigenic heavy chains of three different H-2

haplotypes were found to have very similar amino acid compositions. However,

their N-terminal sequences exhibited a much greater degree of heterogeneity

than has been reported for intrinsically radiolabeled H-2 molecules purified

from immune precipitates. It is concluded that microheterogeneity can be

detected more readily in H-2 purified by the former method.

Comparative structural studies of papain- and detergent-solubilized

H-2 have shown that their heavy chains differ in length by 55 residues but

have identical half-cystine contents. This is in contrast to HLA where the

two forms differ by 95 residues including one half-cystine. These results

indicate that the interaction of H-2 with the membrane differs from that of

HLA.

A full understanding of the genetics and regulation of the histo-

compatibility antigens and tumor antigens will require an analysis of the DNA

encoding the genes for these antigens. In order to approach this problem,

translation in vitro of the messenger RNAs for these polypeptides has been

attempted. The cell-free translation of the mRNA encoding the heavy chain of

histocompatibility antigens (H-2 ) and the partial purification of this mRNA

has been obtained. Attempts are being made to use such a preparation for

molecular cloning experiments.

695



Tunor Associated and Tumor Specific Antigens

Meth A Antigen

As mentioned in last year's annual report starting with purified Me^h A
membranes (ascitic form of the sarcoma) we were able to obtain a product
(MW of 60,000 daltons) that provided 95% tumor inhibition with as little
as 1.0 pg protein. The NP40 solubilized material was subjected to AcA-22
gel fractionation followed by passage through Lens culinaris lectin and
wheat germ agglutinin affinity columns. This eluted material subjected
to AcA 54 chromatography gave a major band on SDS-PAGE. DeLeo and Old
(Sloan-Kottering Cancer Center) , through prolonged and extensive immunization,
have produced an antiserum to Meth A that is specific and non-cross reacting.
This antiserum is cytotoxic to Meth A and probably represents one of the

few tumor specific antisera (nroperly controlled) in existence. We were
therefore interested in pursuing, in collaboration with DeLeo and Old the
relationship between our purified Meth A antigen detected by tumor rejection,
and their antigen detected by cytotoxicity. The object was to develop a

competition RIA so that further purification of our TSTA could result.
Interestingly, our active Meth A (TSTA) fraction did not absorb cytotoxic

activity from the specific Meth A antisera nor did Meth A antiserum
precipitate radiolabeled Meth A TSTA. More needs to be done, however, in

order to draw a firm conclusion concerning the relation between these 2

Meth A antigens.

P53 Protein

Although we were unable to precipitate our labeled TSTA preparation

from Meth A with Meth A specific antiserum, we did find that the Meth A

antiserum precipitated [ S] methionine-labeled extracts of Meth A

antiserum; in fact, labeled extracts of all BALB/c neoplasms precipitated

an identifiable p53 protein. The transformed cells included spontaneous

DNA-virus induced, RNA-virus induced, chemically induced and spontaneous

neoplasms. No other hyperimmune sera were* positive and all control

tissues, bone marrow, spleen, embryo fibroblasts, adult lung fibroblasts,

3T3 cells productively infected with MuLV macrophages, were negative.

All p53 components (53,000 MW) were indistinguishable when analyzed

by 2-dimensional PAGE; each has an isoelectric point of pH 6.3.

Work proceeds 1) in attempts to distinguish among the various p53

proteins by peptide mapping, 2) to purify the molecule and develop a

quantitative RIA 3) to further explort= the presence of p53 in normal

tissues (thymus and testis) and 4) to attempt to relate p53

expression to the initiation and maintenance of neoplastic conversion.

We are now presently engaged in the purification of p53 in sufficient

quantities to allow characterization of the protein and possible identification

of its function in the transformation process. Studies conducted with [ S]

methionine-labeled Meth A cells showed that the bulk of p53 resides not in
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the membrane of the cell but in the cytosol (>90%). We have therefore,
undertaken the purification of p53 from the cytosol of ascites of Meth A
sarcoma. Briefly the purification so far consists of preparation of cytosol,
ammoniimi sulfate precipitation, gel filtration on Sephacryl S-200 followed
by gel filtration on Ultrogel AcA 54, and lastly DEAE Sephacel chromatography.
In order to follow the presence of p53 we have used two methods. The first
inhibition of cell mediated toxicity and tumor inhibition activity. In all
steps taken so far these two activities are always found together. We are
also engaged in the development of a radioimmunoassay to aid in the purifica-
tion of p53.

Alien H-2 and Tumor Antigens

Studies continue concerning characterizing the set of alien
specificities (H-2, 1, 5, 11, 23 and 25) representing the H-2K haplotype
on Parmiani's C-1 MCA-induced sarcoma. Two questions of major interest are,

1) does this molecule act as the tumor specific transplantation antigen
(TSTA) of the tumor - as claimed on indirect evidence and 2) is the
molecule the same or different from the normal H-2K molecule (e.g., from
C_H cells)? The following pertinent facts are now known comparing the
normal and alien H-2 antigens from purified membranes of C-1 cells: 1) The
molecular weight of the molecule bearing alien specificities is 50% greater
(150,000 daltons) than the normal (100,000) in gel filtration; both are
glycoproteins. 2) The normal antigen, as most H-2 heavy chains, binds
3„-microglobulin tightly whereas there is no binding or very loose binding
wxth the alien antigens. 3) There is very little of the alien antigens on
the cell (as much as 10 X less) compared to normal H-2; this of course could
reflect differences in binding, 4) whereas normal H-2 antigens resist papain
digestion, the alien antigens are more sensitive — and most may even be
destroyed by papain. Although the specificities as detected serologically are

all present on the C-1 molecule and appear similar to normal H-2K , the above
results tend to indicate that the "alien" specificities and normal specificities
are on different molecules; biochemical studies indicate the molecules are

quite normal. One additional biologic difference is reflected in the C-1

alien antigens' ability to evoke a cellular response - contrary to the normal

antigens. This however, may be the result of a lower concentration of alien
antigens on the C-1 sarcoma. We have solubilized, separated and enriched

the membrane antigens of the C-1 sarcoma starting from purified membranes.

The methods that were so successful with the Meth-A sarcoma were used:

1) Solubilization with Na-DOC and with NP-40,

2) Ultrogel AcA-34 chromatography, and

3) Affinity chromatography using Lens culinaris lectin columns.

k d
Fractions were assayed for alien (H-2 ) and normal H-2 activities

using a competition RIA employing highly purified H-2 antigen (K-2D ,

H-2K ) and appropriate antisera. The elution profile for DOC-solubilized
membranes showed the bulk of H-2 activity in fractions 3 and 4. All of
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the arbitrarily-chosen fractions 1 through 9 were then assayed for tumor
rejection activity in the syngeneic CI, BALB/c system challenging with TLD
CI cells. TSTA activity was found in one preparation only in fraction
5 and in preparation 2, only in the combined fractions 5-6.

The AcA-34 elution profile of NP-40 solubilized membranes showed the
bulk of H-2 (alien and normal) activity in a Pool II material (fractions
40-^56) . Pool III (fractions 57-66) contained very little H-2 but contained

I-labeled BSA. Pool III (60-70 dalton MW) had excellent TSTA activity.

The DOC solubilized and chromatographed material as well as the Pool
II, NP-40 solubilized membranes were applied to the lectin column and in
each case the unbound material (containing no H-2) had 95% TSTA activity.
The 5% bound material in each case represents either poorly eluted
material or glycosolated TSTA. These results show that a clear separation
of H-2 and TSTA can be achieved and that a separate entity TSTA (and not
alien H-2 antigens) is responsible for C-1 sarcoma rejection. The TSTA
appears as a 60-70 K molecule similar to the Meth A TSTA. In contrast,
however, we found the C 1 TSTA to be extremely labile. Storage at -20*0

for 2 months led to complete disappearance of tumor rejection activity.

Tumor Antigens on FKR-MuLV-Induced Lymphomas

The purification of TSTA from RBL-5 cells has continued. The TSTA con-
taining fractions from gel filtration were applied to L_^ culinaris lectin
columns. Part of the TSTA was retained and eluted with sugar. This fraction
was then subjected to isoelectric focusing in the presence of 1% Triton. TSTA
containing fractions were obtained at an isoelectric point of 5.8 which showed

only 2 bands on SDS-PAGE with an apparent molecular weight of 50,000. Work is

in progress to determine if these visible bands are the TSTA or if undetectable

proteins are present which express the antigen.

In other studies, traces of H-2, gp70 and p30 contaminating the TSTA con-

taining fractions obtained from gel filtration of RBL-5 membranes were shown

not to be responsible for the immunogenicity of these fractions. This was

accomplished by completely removing these proteins by affinity chromatography

with immunoadsorbants without affecting the TSTA of the preparation.

A new syngeneic antiserum has now been developed that appears-

distinct from our previously described RCSA, It has a higher MW and

has specificity for FMR leukemic cells. The precise relationship to

viral structural proteins is under study.

A new approach to the study of tumor antigens resident on RBL-5

cells uses a secondary sensitization employing membranes and solubilized

and chromatographed materials in a syngeneic system. CTL induction and

TSTA activity are studied in parallel. Pool II materials from AcA 34

gel filtration and material eluted from Lens culinaris lectin columns

appear to have the bulk of both TSTA and CTL induction activity. It is

hoped that this syngeneic in vitro assay will provide insights into

the specificity of the antigens recognized by cytotoxic T cells.
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Unique Cross-Reactivity of Tumor Antigens . In the course of our
collaborative studies with Sloan-Kettering it was found that an MuSV
(Moloney) -induced sarcoma, llA, absorbed cytotoxic activity of the Meth
A specific antiserum. This is the only one of 50 neoplasms except Meth
A assayed that provided complete absorption. The in vitro passaged llA
(llA-TC) was found capable of immunizing against Meth A lethal challenge -

but not against any other neoplasm studied. The llA in vivo passaged
subline (llA-T) did not immunize nor was it inhibited in contrast to
Meth A by llA-TC immunizations. A endogenous B-tropic C-type virus has been
isolated and purified from llA-TC. Virus infected cells and virus alone
are capable of absorbing the cytotoxic activity of anti-Meth A antiserum.
This model provides a system to study the role of an endogenous virus to
tumor specific antigens.

Mammalian Cellular Genetics

During the past year significant progress has been made in the area
of our work related to mt-DNA. We have established the concordant
segregation of chloramphenicol resistance (CAP-r) and a particular, marked
mitochondrial DNA (mt-DNA) in cybrid combinations of different mouse
subspecies. This work establishes for the first time that the CAP-r phenotype
depends on the presence of a particular mt-DNA molecule and must, therefore,
be encoded in that molecule. Furthermore, as a "spin off" from this work we
have established the first heterospecif ic cybrid cell strain containing the
nuclear genes of one species (an L cell, Mus . muscuius ) and the cytoplasm
from the cells from another, closely related, but distinct species (a mutant,
CAP-r, cell line from Mus. caroli ) . Such a cell line is more than just a

laboratory curiosity — it may well prove the material needed to solve a much
studied and difficult problem in mammalian cell biology: what polypeptides
does the mt-DNA code for? It should now prove possible to compare the

mitochondrial proteins of this cybrid with those of the two parental species
and using O'Farrell gels and other well established procedures, to discern
which species' mitochondrial proteins are encoded by the mt-DNA.

Meanwhile, other implications of this* finding should aid us in our

attempts to transfer CAP-r mitochondria and CAP-r mt-DNA to CAP-s cells by

transformation (direct application of purified CAP-r mt-DNA) and by micro-
injection. These new heterospecif ic cybrids, LA9(MCH-C18) , offer improved

ease of detection of the exogenous Mus caroli , CAP-r mt-DNA and the further

advantage of the complete substitution of the caroli mt-DNA into' the L cell.

The unanticipated compatibility between L cell (musculus ) nuclear genes and

the MCH, (caroli ) mitochondrial genes is the secret of this and yet another

application. In collaboration with Dr. Beatrice Mintz (The Institute for

Cancer Research, Fox Chase, Philadelphia, PA) we are attempting to produce

cybrids between musculus teratocarcinomas and caroli CAP-r mitochondria

from MCH-C18. Such cybrids would, we expect, substitute caroli mt-DNA for

their own. In future experiments such a cell line would be introduced

into mouse blastocysts and would then be expected to participate harmoniously

in the embryogeny of a mosaic (allophenic) mouse possessing easily detectable

M. caroli mitochondrial DNA in many of its tissues. The advantage of this

design (with M^ caroli ) is that the new mt-DNA could be detected in the

tissues of the adult mouse, and ultimately would be the proof of cytoplasmic

inheritance of mt-DNA.
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Regulatory Biology

A major interest of our unit has for the past two years been the use of
combinations between the cytoplasm of one sort of cell with a whole cell of
a distinct kind of cell. We have been examining such "cybrid" combinations
between cytoplasts from nontumorigenic cells and tumorigenic cells and
between cytoplasts of differentiated cells and nondif f erentiated cells. In

the past year we have completed a relatively large series of combinations
between a rat thyroid tumor cell line (FRA) and a non-tumorigenic cell
line derived from normal rat thyroids (FRT) . The cybrids are prepared
using cytochalsin B with CAP-r nontumorigenic cells and fusing the

resulting cytoplasts with 6-thioguanine resistane CAP-s, whole tumorigenic
cells. The cybrids are thus fully selected by growth in CAP/6TG medium.
They are grown up, samples are frozen for reference, and the bulk of the

population is tested for tumorigenicity by injection of 2-5 x 10 cells

into nude mice.

The results to date are encouraging and indicate that we see the same

sort of suppression of tumorigenicity in cybrids that were reported by Howell

and Sager (PNAS, May, 1978). In some cases, FRA (FRT)A3, A4, B3 and all

of BRL4C3A1(BRL3C4CAP) , we have seen apparently stable reregulation of the

tumorigenic phenotype. In other cases, FRA(FRT)A1, A2, A6, Bl, B2, we

find suppression of tumorigenicity as evidenced by longer latency. In

still other cases, FRAT(FRT)C1, C3, 4, etc., we see no effect of the

cybridization on tumorigenicity. Observations on the chromosome number

of these cybrids have shown a striking correlation between extreme

heteroploidy and rapid tumorigenicity. In other words, the higher the

modal chromosome number and the broader the distribution about the mean,

the greater the tumorigenicity, the shorter the latent period and presumably,

therefore, the less stable was reregulation (if any) by cybrid fusion.

This finding fits the published observations well and unites the two

disparate reports currently in the literature. Howell and Sager (PNAS

75 : 2358, 1978) used diploid Chinese hamster cells and found impressive

evidence of suppression (9/11 cybrids tested showed no tumors at all in

their tests), whereas, Ziegler (Somatic Ceil Genetics 4_: 477, 1978)

used heteroploid cells and found no suppression. We are planning to

extend our studies to a nearly diploid rat thyroid tumor cell line (1-5G61)

that we have recently succeeded in making 6TG resistant, in hopes of

developing an even more convincing test system.

Immune Responses to Tumor Associated Antigens

We have focused our attention recently on the mechanisms for the

induction of In vivo tumor immunity employing tissue culture passaged

neoplastic cells transformed by several agents. lUdR release was used

to measure CMC in vitro and an adoptive transfer assay to measure CMC in

vivo. The presence of macrophages are found to be critical for the induction

of an efficient in vitro T cell-mediated cytotoxic response to tumor associated

antigens. The effect of macrophages can be replaced by humoral factors

released from these cells. There was no strict histocompatibility

requirement between this macrophage T cell collaboration. Furthermore,

pretreating the hosts in vivo with antimacrophage agents (carrageenan or
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silica) reduced their ability for the induction of cytotoxic response in
adoptive transfer experiments, indicating the critical roles of macrophages
in vivo .

Tumor cells were found to be suppressive for the induction of T cell-
mediated immunity. This may be accounted for their apparent lack of
immunogenicity both in the syngeneic and in the allogeneic systems.

Since tumor cells are immunosuppressive in nature, it is important
to find efficient ways to reverse their immunosuppressive effect. We have
found that adherent peritoneal cells, phagocytic and nonphagocytic, have
the ability to reverse the immunosuppression of tumor cells, thus restoring
the immunocompetence of T cells.

Immunoglobulin Structure and Diversity

The mechanism by which a vast array of antibody specificities can be
exhibited by a single individual has long been a subject of considerable
controversy. We have previously determined the primary amino acid sequences
of groups of myeloma proteins with binding specificity for chemically
defined haptens, such as phosphorylcholine, B (1-6) galactan and 6 (2-1)
fructan. Studies on the naturally occurring counterparts to these myeloma
proteins strongly suggest a high degree of similarity, if not complete
identity. These results indicate that many of the myeloma proteins which
we have analyzed represent the products of germ line genes. Furthermore,
analysis of the primary sequences of functionally related proteins has
suggested that multiple germ line genes may be required to code for
antibodies which are closely r-^lated in structure. These data, along with
similar findings from other labs, and more recently DNA chemistry studies,
now strongly point to the existence of a large number of germ line genes
which code for antibody molecules. The total number of germ line genes
and their organization and expression are questions which remain to be
explored.

Mouse kappa chains can readily be divided into subgroups or

isotypes based on amino acid sequence differences occurring in the amino
terminal portion of the light chain. Since each isotype would presumably
be coded for by at least one germ line gene, the total number of isotypes
should indicate the minimumi number of germ line genes required to code
for kappa V regions. In fact, studies at both the protein structure as

well as DNA leve] indicate that, for one isotype which has been studied
in detail, 5-10 germ line genes are present to code for the related
members of this isotype. Therefore, the number of isotypes will clearly
be a minimal estimate of the number of V region genes. Furthermore, DNA
probes prepared against one isotype group do not react with genes coding
for other isotype groups. Additional isotype groups must be identified
by protein sequence analysis before DNA probes can be prepared to analyze
the complexity of the given isotype. We are attempting to assess the

number of V region isotypes by an analysis of kappa chain amino terminal
sequences. Thirty-two isotypes have previously been identified based on
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available sequence data. We have recently analyzed an additional 17 amino
terminal sequences and have identified six new iso types. This large number
of new iso types suggests that, in a plot of number of iso types versus number
of sequences done, we have not reached a plateau which will permit a theoreti-
cal calculation of the number of kappa isotypes. As the number of kappa
isotypes increases the number of germ line genes coding for these molecules
correspondingly increases lending more support to a large pool of germ line
genes being the basis for antibody diversity.

Previous data from both protein sequence and nucleic acid hybridization
studies have indicated that immunoglobulin chains are coded for by two genes.

One gene (V gene) codes for the variable portion of the chain and a second

(C gene) codes for the constant portion. In a study of the kappa light chains
from four 6 (1-6) galactan binding myeloma proteins we have found evidence
for a third structural gene being involved in the expression of immunoglobulin
light chains. Four kappa chains from proteins with this binding specificity
have extremely similar sequences from the amino terminus through the third

complementarity determining region (CDR-3) . Following CDR-3 a number of

amino acid interchanges are found in the four proteins. In two of the proteins
the positions at which changes occur are identical. The remaining two have
characteristic differences distinguishing them from each other as well as

the first pair and these same sequences can be found in other myeloma proteins
previously sequenced. The finding of identical sequences in other chains

suggests that these structures are coded for by germ line genes and that

different germ line genes coding for this segment of the molecule have

recombined with one or several very similar V genes. DNA studies from other

laboratories have identified a 40 nucleotide segment coding for this

portion of the molecule which has been termed "J segment". Thus, three

structural genes and their corresponding products have now been identified

in the assembled kappa chain.

We have now completed the sequence determination of the heavy chain

variable regions from these same four proteins. Two of the proteins are

identical to position 100 which is located in the third complementarity
determining region (CDR-3) . The remaining two differ at a total of 8

positions over the first 100 amino acids and all of the differences can be

explained by single base mutations at the DNA level. When an assessment

is made of the protein segment following CDR-3, which has been termed

"J segment", a completely different pattern of variation is observed. The

J segments from the four proteins can be divided into two sets. Members

of each set share a series of linked amino acids not found in members of

the alternative set. The two proteins identical to position 100 have J

segments from the two different sets suggesting that recombination has

occurred between V and J genes. An examination of the CDR-3 sequences

from the four heavy chains reveals substitutions at positions 100 and 105.

Gly is found at 100 in two of the proteins and His in the remaining two.

In the two proteins with Gly-100 the following J sequence is limited to

one of the two sets of J segments defined by linked amino acids.

Similarly, the two heavy chains with His-100 have J segments from the

second set. Thus, at the protein level an apparent association is seen

between CDR-3 and J segment. If CDR-3 should be found linked to J
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segment at the DNA level a new mechanism would be introduced for
increasing antibody diversity by recombining various CDR-3 + J genes with
genes coding for the remainder of the variable region. Alternatively,
if CDR-3 were coded for by the V gene then the recombination of V with J
may provide an opportunity to introduce mutations in CDR-3. In this case
the linkage of amino acids in CDR-3 and the J segments would suggest that
recognition signals are employed such that certain V genes only pair with
a given J gene. We are currently analyzing an additional two galactan
binding myeloma proteins to determine if the linkages observed in the
initial four continue to hold.

The amino acid sequence of the deleted heavy (a) chain of mouse myeloma
IgA 47A has been determined from the sequences of the cyanogen bromide frag-
ments of the carboxymethylated chain and the tryptic peptides of the amino-
ethylated chain.

In order to study the structural localization of an allotypic determinant
of rabbit heavy chains, we have isolated tryptic peptides from the heavy chains
of two or three homozygous rabbits. The immunological properties of these
peptides were studied using radioimmunoassays that involved inhibition of a

reaction between I labeled anti-a3 antibodies and sepharose-bound a3 IgG.

The iimnunopeptides which we recovered inhibited at least 60% of the maximal
binding of purified, labeled a2 anti-a3 antibodies to a3 IgG. Thus major

antigenic determinants recognized by these particular anti-a3 antibodies
were retained on the portions of V region recovered from the tryptic digests.

ri

Comparison of this sequence to the sequences of other, nondeleted, human

ct chains and mouse yZa chains revealed that there are no deletions in the vari-

able region (residues 1 to 115), the first domain of the constant region, CI
(residues 116 to 217), the hinge region (residues 218 to 240), or the C 2

domain (residues 241 to 330). However, the entire C 3 domain has been

deleted. The failure of IgA 47A to form four-chain molecules and the unusual

presence of a covalent light-heavy chain bond both appear to be related to the

absence of the C„3 domain. These structural features are consistent with

mutations in the interdomain regions of the constant genes which may alter

a mechanism of excision and splicing normally operating for these units.

Plasmacytomagenesis

Using the LBI-closed colony environment we have been able to perform

a number of plasmacytomagenesis experiments. There is an increase in the

yield of plasmacytomas by increasing pristane dose. Two and three 0.5 ml

injections are far more effective than a single dose. In the present

series of experiments two 0.5 ml doses have been given at various intervals.

Spacing the second dose beyond 30 days increases the yield of plasmacytomas.

A second dose given 180 days after the first gives a high incidence of

plasmacytomas with a very short latent period relative to the second dose.

This suggests an increase in the number of preplasmacytoma cells after a

single injection that can remain dormant without a proper stimulus. The

importance of the second injection of pristane for plasmacytomagenesis is

being evaluated to determine a more optimal rapid method of induction.

Studies on the effect of age at the time of the first injection have
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revealed no increased susceptibility of old female mice, suggesting
cumulative somatic mutations in B-lymphocytes are probably not a contribu-
ting factor.

In a study of suckling mice, we used males for the first time and
confirmed the findings of Hollander that males are more susceptible than
females, the minimal latent period is not decreased but the mean latent
period is decreased and the yield dramatically increased. The use of males
in studies described below will permit more rapid testing of congenics. It
may require re-evaluation of genetically resistant strains.

Karyotypic Analysis of Plasmacytomas

In collaboration with Dr. G. Klein of the Karolinska Institute, a
karyotypic analysis of primary and early transfer generation plasmacytomas
has been carried out using G-banding to identify specific chromosomes.
Among 7 tumors analyzed several characteristic translocations have been
identified: T6;15, T12;15, missing 15. Chromosomes 6 and 12 have been
suggested by Hengartner et^ al. , as possible locations of the kappa and heavy
chain loci respectively. One of the tumors already analyzed produced a

lambda type protein. The karyotype of this tumor had a T2;X. We identified
and sent 4 primary or early transfer generation lambda chain producers to
Dr. Klein to determine if a characteristic translocation was associated with
the differentiation of the lambda light chain.

These remarkable changes could be related to the DNA translocation
process, or may be associated with neoplastic transformation in B-lymphocytes
(plasma cells)

.

Identification of genes conferring susceptiblity to mineral oil
plasmacytomagenesis in BALB/c mice

Most inbred strains of mice are not susceptible to peritoneal plasmacytoma-
genesis. The remarkable susceptibility of strains BALB/c and NZB suggests
specific genes are involved. Fl hybrids of BALB/c and the resistant DBA/2
strains are resistant to plasmacytomagenesis suggesting resistance genes are
dominant. We are attempting to identify resistance (R) genes in DBA/2 by
backcrossing a number of DNA/2 loci onto the BALB/c genotype, to. produce
BALB/c congenics carrying R genes. We are breeding or currently raising test
progeny from N6 for: Idh-1 (Chr 1) Fr-1 (Chr 4); Pgm-1 (Chr 5); C (Chr 7);
Es-3 (Chr-11); IgC (Chr ?) ; a (Chr 7). In addition the following loci are
being backcrossed: a(Chr 2); Hcl (Chr 2); d (Chr 9). In addition 18 lines
have been backcrossed to N6 without any known selection. From these inbred
strains are being derived. New genes will be introduced as soon as assays
are developed M-locus; Qa2 (Chr 17); Ly-1 (Chr 19); Lys 2 (Chr 6).

A survey of BALB/c sublines for susceptiblity has been underway for
several years. BALB/JAX which has been separated from BALB/c An for over
40 years, has proven to be resistant. Fifty five mice purchased from the
Jackson Laboratories failed to develop plasmacytomas 12 months after the
first injection of pristane. In order to be sure no environmental or non
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specific factors were involved BALB/JAX has now been bred at the LBI colony.
BALB/JAX is a poor breeder but at last enough mice bred in the colony have
been injected with pristane. In addition (BALB/c An x BALB/JAX)F1 hybrids
are being tested. BALB/JAX could be a potential congenic R-line for BALB/c
An.

The aim of this work is to identify the resistance (R) genes, as a
first step, and then to test whether the allele of the R gene is a suscepti-
bility gene by linkage association. The ultimate aim is to find the pro-
duct or the function of the susceptiblity gene and show how it leads to
neoplastic change in plasma cells.

Viral Oncogenesis and Viral Gene Expression

Further characterization continues of a novel -dual-tropic virus isolated
from Abelson-MuLV induced lymphoma in BALB/c mice. After clonal purification
of the original isolate (formerly designated CNBX) , its ability to form
syncytial cell fusion with XC cells has been lost. Therefore, this clonal
isolate is named NBX. This virus was neutralized both by anti-ecotropic
(M-MuLV) and by anti-X-MuLV (AT124) and old age NZB mouse sera, indicating
the hybrid nature of its envelope antigens. Its antigenic relationship with
other dual-tropic viruses (MCF and HIX) was also investigated by cross
neutralization tests. These 3 isolates of dual-tropic viruses were found
to be antigenically similar to each other. Furthermore, they were found to

share some cross-reacting envelope antigens with wild mouse amphotropic
viruses. The viral interference assay also revealed that these 3 dual-tropic
virus isolates belonged to the same class, but the NBX virus is more like
MCF virus than HIX virus in that it does not interfere with the ecotropic
virus-MSV pseudotypes but its MSV pseudotype, MXV (NBX), is interfered
with by the ecotropic viruses, whereas the reverse is true for HIX virus.
The NBX virus has been inoculated into newborn BALB/c mice without causing
any neoplasm to date (more than 6 months) . Its pathogenic potential and
oncogenic role in the Abelson virus complex (including replication-defective
Abelson virus, M-MuLV, X-MuLV, and NBX) remains to be investigated.

Studies continue on isolation and characterization of amphotropic
viruses from cell cultures of RBL-5, an R-MuLV induced tumor in C57BL/6, and
YAC an M-MuLV induced tumor in A strain mice. This is a first report on the
discovery of amphotropic viruses (originally shown to be present only in
some wild mice of California) from the cells of inbred mouse. These were
designated R5NX and YACNX, respectively, denoting their N-tropism and xeno-
tropism as well as origins. These viruses have been isolated by initial
passages in susceptible heterologous host cells such as S L Mink or feline
cells. The viral interference pattern of R5NX and YACNX viruses, as well as

its N-tropism and xenotropism, coincided with that of wild mouse-ampho tropic
virus. By cross-neutralization tests with immune rabbit antisera, it was
found that, although these viruses were related closely with each other,
YACNX virus was slightly different from both R5NX and the wild-mouse
amphotropic virus. These viruses also share some group-specific envelope
antigens with dual-tropic viruses described above.
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It is not unreasonable to postulate that the genome of amphotropic
virus has been preserved in the inbred mice as well as in wild mice. Despite
the fact that the RBL-5 and YAC cells carry NB-tropic MuLVs, the R5NX and
YACNX viruses are both N-tropic and xeno tropic. It is possible that an
endogenous ecotropic virus which is N-tropic, and another endogenous virus
which is xenotropic have been activated by the NB tropic virus, resulting in

recombination between the former two viruses. The role of the NB-tropic
virus which may or may not contribute a part of its genome to generate NX
virus of amphotropic viral characteristics needs further investigation.

Intracisternal A particles. In a continuing study of the mechanisms
of replication of intracisternal A particles (lAP) we have made use of a

series of hybrid and cybrid cell lines which were developed as a means of

promoting horizontal transfer of a virus entity which is not released from

the cell. Several salient facts are now known.

lAP genes exist in all cell lines and tumors thus far tested even
though such lines may not express the particles; this is true for feral

and inbred lines of mus musculus and feral lines of Mus cervicolor

,

an

Asian strain of Mus which diverged from Mus musculus some 3-5 million
years ago. Thermal denaturation curves confirm that lAP genes have been

conserved with little divergency when the M. cervicolor and M. musculus
DNAs are compared, using a cDNA probe from lAP.

When cells or cytoplasts (enucleated cells) pheno typically positive
for TAP are fused to pheno typically negative recipient cells, the resulting
hybrids and cybrids permanently express lAP. In some cell crosses there

is no increase in the number of lAP genes associated with positive pheno-

typy> but in at least one instance (MT cytoplasts x 3T3-4EF cells) there

was an increase of 10 lAP gene copies per haploid genome. We have

recently established by the Hirt fractionation technique that these genes

are most probably integrated in the cell genome. This is important

because integration must occur before the production of progeny particles

can proceed.

In an attempt to determine if lAP can be transmitted by DNA trans-

fection techniques, DNA was extracted from infected cells and used to

treat phenotypically negative cells. From numerous other studies of both

DNA and RNA tumor viruses, it has become apparent that transfection is a

very inefficient procedure and that detection of cytopathic effect or

transformation is heavily dependent on secondary virus infection mediated

through horizontal transfer. Since lAP are not released from the cell

there is no opportunity for horizontal transfer, but preliminary experi-

ments suggest that transfection of lAP may be possible at a very low level

of efficiency. Current efforts are directed toward estimating the number

of lAP-specific RNA sequences in transfected cells to determine if an

increase occurs, even in the absence of particle production.
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Effect of interferon on murine retroviruses. In an ongoing collaboration
with Dr. Paula Pitha it has been determined that there are multiple abnormal
structural proteins in virions produced in the presence of interferon. It
has already been established that retroviruses represent an almost unique
class of viruses in their response to interferon. There is no demonstrable
effect on viral mRNA, but rather there is most likely a late stage block
in virus assembly, producing defects in maturation which render the virions
noninfectious. These changes are almost completely reversible providing that
interferon is removed from the system.

Since interferon-treated virus contains both high molecular weight
(70S) RNA and its appropriate subunits, it was deemed necessary to analyze
the synthesis of the major virion polypeptides. JLSV-6 cells chronically
infected with Rauscher MuLV were used as the test system. By combining
SDS polyacrylamide gel electrophoresis, immunoprecipitation with specific
antisera against viral proteins, and electron microscope monitoring of
cell associated and released virus, it was possible to determine the
differences between control and interferon-treated virions.

In control Rauscher virus the major glycoprotein is gp71 but after
interferon exposure there is an additional glycoprotein of 85,000 daltons
which contains glucosamine, is deficient in fucose, and is precipitated by
antiserum to gp71. Given these properties this protein may be related to

the env gene precursor pr85. Using the lactoperoxidase technique, it was
found that control virus contained gp71 and gp85 as the major components
in the external virion envelope, while there were small but detectable
amounts of the gp71-pl5E complex (gp90) . Following interferon, the gp90
complex was no longer detectable. When virions were disrupted with de-
tergent and precipitated with p30 and Rauscher MuLV antisera, additional
proteins of 65k, 55k, 40k, and 20k daltons were seen after interferon
treatment. These results suggest that there are precursors to the gag
proteins which are not cleaved during virus assembly and maturation.
This failure of proteolysis could be due to the effect of interferon on
a particular step in protein glycosylation- or phosphorylation or there could
be a more general effect on cell membrane physiology which alters the

insertion of viral proteins into the plasma membrane. The effects of

interferon were not detectable at the ultrastructural level as the virus
that was either membrane-associated or released into the tissue culture
medium appeared essentially the same as the controls. Such observations
confirm the fact that interferon acts on the virus at the macromolecular
level

.

Integration site(s) for exogenous viral DNA sequences by restriction
endonuclease analyses and mapping of a viral genome

A present study concerns the number of integration sites for lAP in

the cell DNA. The data derived from these particular cell lines suggest
that there is an upper limit to the number of lAP-specific sequences
that can be incorporated into the cellular genome. There are about 10 copies

of lAP-specific DNA sequences per haploid genome of MT cells, the MT-3T3-4EF
hybrids show an additive effect with about 20 copies, and the MT cytoplast
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x3T34EF (J18) cybrids contain about 10 copies. These results are consistent
with the hypothesis that both MT and 3T3-4EF cells can incorporate about 10
copies of lAP-specific sequences per haploid genome. A similar limit is ob-
served in the case of II6C cells which contain 4 sequence copies per haploid
genome both before fusion and after being fused as cybrids. While the de-
repression of a pre-existing genome would explain the results seen in the MT-
II6C cybrids, it is also possible that other related interactions could occur
as well. The pre-existing copies of TAP DNA sequences could have effectively
blocked all the available integration sites or the cDNA generated by the TAP
donated from the MT cytoplasts could have replaced the pre-existing copies at
the time of integration. Evaluation of these possibilities would be difficult
in this system. However, there is a precedent for the limit in copy numbers
that can be integrated into cell DNA in exogenous infection of mouse cells with
AKR MuLV.

A more sophisticated and direct approach to the problem of integration
sites for exogenous viral DNA sequences in host cell genome was pursued
using a combination of restriction enzyme analyses on the DNA of KiMSV(RHHV)
transformed Fisher embryonic cells, agarose gel electrophoresis. Southern
blot transfer, and DNA-DNA hybridization with the viral cDNA labeled in P.

This particular approach also yields information on the physical mapping of

the viral specific DNA sequences within the host cell genome. Earlier, using
an endogenous reverse transcription generated cDNA of KiMSV(RHHV) we found

a basal level, 2-3 copies per haploid genome, of DNA sequences homologous to

this viral cDNA in both normal Fischer rat liver and embryonic cells, and

also in the parental cells, K-NRK and HTC-Hl. Viral transformed cells and

tumor transplants demonstrated multiple copies of viral cDNA sequences (10 per

haploid genome) . By restriction endonuclease analysis with Eco RI we

demonstrated the integration of viral specific DNA sequences in host cell DNA
fragments of 19.0, 6.6, 4.8, 3.3, 2.5, 2.1, 1.65, 1.53 kilobases.
Repetitive sequences seemed to be localized at one particular fragment, which
is being analyzed in greater details. Internal integration sites were
revealed by secondary digestions with other restriction endonucleases such as

Hpa II and Pst. On the other hand Bam HI and Hind III did not attack the

transformed cell DNA at all. Incomplete as they are, our data co-rro-borate well

with the earlier results obtained by DNA-DNA hybridization kinetic studies.

Using reverse phase V column chromatography for the purification of the

restriction endonuclease digested DNA fragments of the viral genome and knowing

the base sequence specificity of the enzymatic reaction, we have- been able

to construct a very preliminary map of Kil'ISV(RHHV) genome, the size of which

was estimated to be approximately 8.5-9.0 kilobases.
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I. Histoconipatlbility Antigens (Isolation and Purification)

1. A second H-2 antigen (H-2 ) has now been purified in this
laboratory (see Rogers' annual report). Starting with purified RBL-5 plasma
membranes, purification was accomplished by deoxycholate solubilization,
gel filtration Lens culinaris lectin affinity chromatography and affinity
chromatography on a sheep anti H-2 immunoabsorbent. The final homogeneous
product was judged to be purified 1500 fold (from cells) . The amino
terminal sequence agrees with that isolated by immunoprecipitation from
metabolically labeled cells. H-2 has been produced in milligram amounts
and is now available for functional studies.

2. Alien H-2 antigens; their biologic significance : H-2 antigens
in a modified form or as derepressed antigens have been implicated in-
directly by several investigators in host immune responses to tumors —
specifically, evidence points strongly to H antigens, in some form, to be
tumor specific antigens (of the transplantation type) . We are looking
for such evidence in several systems:

a) Since alien (or inappropriate) H-2 specificities have been de-
scribed in several methylcholanthrene-induced sarcomas in BALB/c mice,
particularly by Parmiani and Invernizzi of Milan, we have studied a series
of 7 new MCA-induced neoplasms of BALB/c (from pedigreed lines to assure
genetic non-contamination) . Through the use of in vivo immunogenicity
assays - growth and the induction of immunity in various F hybrids with
BALB/c, we have found no evidence for inappropriate or alien H-2
determinants and in limited studies using serologic assays, no evidence
was found for any H-2 determinants except those public and private
specificities determined by H-2D and H-2K loci. Thus, all of these
sarcomas do have individually distinct TSTA and at least no detectable
modified or derepressed H-2 antigens appear to be functional as TSTA.
Two (2) of these sarcomas, however, may express non H-2 antigens.
Immunization against CII-7 and CII-10 could not be achieved in (BALB/c x
DBA/2)F hybrids. Attempts will be made to identify these non-H2 antigens
and the role they may play as tumor specific antigens.

In addition we have studied the six (6) newly induced BALB/c
neoplasms and also Meth A for C-type viruses and viral proteins" "using

quantitative assays for gp70 and p30, infectivity assays and the Reverse
Transcriptase Assay. Three sarcomas CI-1, CI-3 and CI-4 contained C-type
proteins and infectivity whereas CII-5, CII-7, CII-10 and Meth A had no
evidence for C-type infection nor for the existence of any viral finger-
prints. We had found previously that cross-reactivity was fairly common
in studying these sarcomas through use of the iodine isotopic footpad
assay — an assay thought from previous experience to parallel the
specificity of TSTA. However, this observed cross reactivity (among
sarcomas having their individually distinct TSTA) had no relationship
to the presence of C-type virus or viral proteins.
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b) Studies continue concerning characterizing the set of, alien
specificities (H-2, 1, 5, 11, 23 and 25) representing the H-2K haplotype
on Parmiani's C-1 MCA-induced sarcoma. Two questions of major interest are,
1) does this molecule act as the tumor specific transplantation antigen
(TSTA) of the tumor - as claimed on indirect evidence and 2) is the
molecule the same or different from the normal H-2K molecule (e.g., from
C„H cells)? The following pertinent facts are now known (see Rogers' annual
report) comparing the normal and alien H-2 antigens from purified membranes
of C-1 cells: 1) The molecular weight of the molecule bearing alien
specificities is 50% greater (150,000 daltons) than the normal (100,000) in
gel filtration; both are glycoproteins. 2) The normal antigen, as most
H-2 heavy chains, binds g -microglobulin tightly whereas there is no
binding or very loose binding with the alien antigens. 3) There is very
little of the alien antigens on the cell (as much as 10 X less) compared
to normal H-2; this of course could reflect differences in binding, 4)

whereas normal H-2 antigens resist papain digestion, the alien antigens
are more sensitive — and most may even be destroyed by papain. Although
the specificities as detected serologically are all present on the C-1
molecule and appear similar to normal H-2K , the above results tend to

indicate that the "alien" specificities and normal specificities are on
different molecules; biochemical studies (see Rogers' annual report)
indicate the molecules are quite normal. One additional biologic
difference is reflected in the C-1 alien antigens' ability to evoke a

cellular response - contrary to the normal antigens. This however, may
be the result of a lower concentration of alien antigens on the C-1
sarcoma.

c) Separation of TSTA and alien H-2 antigens

In collaborative work with Rogers, Appella and DuBois we have
solubilized, separated and enriched the membrane antigens of the C-1
sarcoma starting from purified membranes. The methods that were so

successful with the Meth-A sarcoma were used:

1) Solubilization with Na-DOC and with NP-40,

2) Ultrogel AcA-34 chromatography, and

3) Affinity chromatography using Lens culinaris lectin columns.

k d
Fractions were assayed for alien (H-2 ) and normal H-2 activities

using a competition RIA employing highly purified H-2 antigen (H-2D
,

H-2K ) and appropriate antisera. The elution profile for DOC-solubilized
membranes showed the bulk of H-2 activity in fractions 3 and 4. All of

the arbitrarily-chosen fractions 1 through 9 were then assayed for tumor

rejection activity in the syngeneic CI, BALB/c system challenging with TLD^^„

CI cells. TSTA activity was found in one preparation only in fraction

5 and in preparation 2, only in the combined fractions 5-6.

The AcA-34 elution profile of NP-40 solubilized membranes showed the

bulk of H-2 (alien and normal) activity in a Pool II material (fractions

40-56) . Pool III (fractions 57-66) contained very little H-2 but contained
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I-labeled BSA. Pool III (60-70 dalton MW) had excellent TSTA activity.

The DOC solubilized and chroma tographed material as well as the Pool
II, NP-40 solubilized membranes were applied to the lectin column and in
each case the unbound material (containing no H-2) had 95% TSTA activity.
The 5% bound material in each case represent^ either poorly eluted
material or glycosolated TSTA. These results show that a clear separation
of H-2 and TSTA can be achieved and that a separate entity TSTA (and not
alien H-2 antigens) is responsible for C-1 sarcoma rejection. The TSTA
appears as a 60-70 K molecule similar to the Meth A TSTA. In contrast,
however, we found the C 1 TSTA to be extremely labile. Storage at -20°C
for 2 months led to complete disappearance of tumor rejection activity.

II. Tumor Specific Antigens

As mentioned in last year's annual report starting with purified Meth /

membranes (ascitic form of the sarcoma) we were able to obtain a product
(MW of 60,000 daltons) that provided 95% tumor inhibition with as little
as 1.0 yg protein. The NP40 solubilized material was subjected to AcA-22
gel fractionation followed by passage through Lens culinaris lectin and
wheat germ agglutinin affinity columns. This eluted material subjected
to AcA 54 chroinatography gave a major band on SDS-PAGE.

a) Relationship of TSTA to Meth A Cell Surface Antigen: DeLeo
and Old (Sloan-Kettering Cancer Center), through prolonged and extensive
immunization, have produced an antiserum to Meth A that is specific and

non-cross reacting. This antiserum is cytotoxic to Meth A and probably
represents one of the few tumor specific antisera (properly controlled)

in existence. We were therefore interested in pursuing, in collaboration
with DeLeo and Old the relationship between our purified Meth A antigen
detected by tumor rejection, and their antigen detected by cytotoxicity.
The object was to develop a competition RIA so that further purification
of our TSTA could result. Interestingly, our active Meth A (TSTA) fraction
did not absorb cytotoxic activity from the specific Meth A antisera nor

did Meth A antiserum precipitate radiolabeled Meth A TSTA. More needs to

be done, however, in order to draw a firm conclusion concerning the

relation between these 2 Meth A antigens.

b) Identification of a Transformation Specific (p53) Antigen:

(Collaborative investigations of LCB with DeLeo and Old of the Sloan-
Kettering Cancer Center and G. Jay, NCI).

Although we were unable to precipitate our labeled TSTA preparation from

Meth A with Meth A specific antiserum, we did find that the Meth A
antiserum precipitated [ S] methionine-labeled extracts of Meth A
antiserum; in fact, labeled extracts of all BALB/c neoplasms precipitated

an identifiable p53 protein. The transformed cells included spontaneous

DNA-virus induced, RNA-virus induced, chemically induced and spontaneous

neoplasms. No other hyperimmune sera were positive and all control

tissues, bone marrow, spleen, embryo fibroblasts, adult lung fibroblasts,

3T3 cells productively infected with MuLV macrophages, were negative.
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All p53 components (53,000 MW) were indistinguishable when analyzed
by 2-dimensional PAGE; each has an isoelectric point of pH 6.3.

Work proceeds 1) in attempts to distinguish among the various p53
proteins by peptide mapping, 2) to purify the molecule and develop a
quantitative RIA 3) to further explore the presence of p53 in normal
tissues (thymus and testis) and 4) to attempt to relate p53
expression to the initiation and maintenance of neoplastic conversion.

c) Unique Cross-Reactivity of Immunity: In the course of our
collaborative studies with DeLeo (Sloan-Kettering) it was found that an MuSV
(Moloney) -induced sarcoma, llA, absorbed cytotoxic activity of the Meth
A specific antiserum. This is the only one of 50 neoplasms except Meth
A assayed that provided complete absorption. The in vitro passaged llA
(llA-TC) was found capable of immunizing against Meth A lethal challenge -

but not against any other neoplasm studied. The llA in vivo passaged
subline (llA-T) did not immunize nor was it inhibited in contrast to

Meth A by llA-TC immunizations. An endogenous C-type virus has been
isolated and purified (in collaboration with Dr. Kenneth Chang) from llA-
TC. Virus infected cells and virus alone are capable of absorbing the
cytotoxic activity of anti-Meth A antiserum. This model provides a

system to study the role of an endogenous virus to tumor specific antigens.

d) Tumor Antigens on FI-Gl-MuLV-induced Leukemia s

:

Work continues
on the tumor associated antigens (TAA) present on plasma membranes of

leukemias induced by the FMR-MuLVs. Particular attention in this
laboratory has focused on RBL-5. Further studies of DOC-solubilization
of purified membranes followed by a series of gel chromatography
studies confirms our earlier findings that 1) Tumor rejection antigens
(TSTA) are contained in the high MW fractions, 2) this activity can be
separated from H-2 and the viral structural proteins gp70, p30 and P15E
3) a syngeneic antiserum having specific activity against FMR leukemias
is separate from TSTA activity and is probably related to 15E; this antigen
is designated RCSA (cell surface antigen) . It is distinguishable from the

MCSA described by Fenyo, Klein et _al., at Karolinska Institute.

A new syngeneic antiserum has now been developed (Alaba) that appears
distinct from our previously described RCSA. It has a higher MW and

has specificity for FMR leukemic cells. The precise relationship to

viral structural proteins is under study.

A new approach to the study of tumor antigens resident on RBL-5
cells uses a secondary sensitization employing membranes and solubilized

and chromatographed materials (Alaba) in a syngeneic system. CTL

induction and TSTA activity will be studied in parallel. Pool II materials
from AcA 34 gel filtration and material eluted from Lens culinaris lectin

columns appear to have the bulk of both TSTA and CTL induction activity.

It is hoped that this syngeneic in vitro assay will provide insights into

the specificity of the antigens recognized by cytotoxic T cells.
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e) Characterization of the TATA on the plasma membranes of neoplasms
induced by SV40 and the related human viruses BK and JC have continued (with
Dr. K. Takemoto, NIAID) . Each of the SV-40-, BK- and JC-induced sarcomas
of the hamster is able to immunize against itself. We now find cross-
reactivity among these TATA if more extensive immunizations and lower tumor
cell challenges are used; immunizations against autologous neoplasms,
however, result in the greatest inhibition as assayed by tumor takes and
tumor volumes.

f

)

Comparison of heat and glutaraldehyde sensitivities of rat and
mouse neoplasms (with M. Price) : Rat sarcomas and hepatomas induced by
chemicals express individually unique tumor rejection antigens — similar
to chemically induced mouse tumors. Irradiated cells of both species convey
immunity against the autologous neoplasm. However, in contrast to MCA-
induced sarcomas of the mouse, solubilized TATA of the rat do not induce
protection, whereas other immune responses are preserved: immunofluorescence,
hiimoral cytotoxicity, etc. We have compared the sensitivities of rat and
mouse neoplasms to mild glutaraldehyde treatment (0.001% to 0.1%) and
elevated temperatures (41°-45°C for 30 minutes) . The capacity of X-irradiated
rat cells was completely abolished by such treatments, whereas the capacity
of mouse sarcoma cells was unaffected. These results suggest that there is

a qualitative difference in the way in which these TATA (in the rat and
mouse) are handled and processed in the immunized recipient. Experiments
are in progress to attempt to answer these questions.

Significance for Cancer Research

Characterization of tumor antigens of the rejection type is a

necessary prerequisite for understanding the mechanisms of immune
surveillance, tumor inhibition and facilitation. In addition the role
of these membrane bound components in the actual initiation and
maintenance of malignancy may be studied.

As a basis for any study of membrane bound antigens it is necessary
to study the nature of histocompatibility antigens and their relationship
to tumor antigens. Thus our emphasis is on parallel studies of H-2
antigens in order to provide a basis for understanding tumor antigens.

Objective 3; Approaches 4,5.

Publications :

Law, L.W. , Takemoto, K.K. , Rogers, M.J., Henriksen, 0., and Ting, R.C.:

Differences in the capacity of Simian virus 40 (SV40) tumor antigens on
cells, membranes and in soluble form to induce transplantation immunity
in hamsters and mice. Int. J. Cancer 22:315-322, 1978.

714



ZOl CB 03200-10 LCBGY

Law, L.W. and Henriksen, 0. : Induction of neonatal tolerance to the male
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H-2 antigens. Transplantation Proceedings , In press, 1979.

715



ZOl CB 03200-10 LCBGY

DeLeo, A.B., Jay, G. , Appella, E., DuBois, G.C., Law, L.W., and Old, L.J.

:

Cell surface antigens of chemically induced sarcomas of inbred mice.
Transplantation Proceedings , In press.

Price, M.R. , Dennick, R.G., and Law, L.W. : Effect of heat and glutaraldehyde
upon the immunogenic ity of Meth A sarcoma cells. Brit. J. Cancer , In press.

Padarathsingh, M.C., Dean, J.H., Jerrells, T.R., Keys, L. , McCoy, J.L.,
and Law, L.W. : Dissociation of depressed general immunocopetence and
anti-tumor immunity in plasmacytoma-bearing mice demonstrating suppressor
cell activity. J. Cellular and Molecular Biology , In press.

Rogers, M.J. , Prat, M. , Appella, E., and Law, L.W. : A study of immune
mechanisms in the rejection of syngeneic murine leukemia. Role of

solubilized antigens from the plasma membrane. Proceedings of the 6th
Int. Conference on Cancer , Perugia, Italy, 1978, pp. 309-320.

Dean, J.H., Lewis, D.D., Padarathsingh, M.L., McCoy, J.L., Northing, J.W.,
Natori, T., and Law, L.W. : Studies of cellular immunity to SV40 induced
tumor cells and solubilized tumor-associated antigens in immune and tumor-
bearing mice using an isotopic footpad assay. Int. J. Cancer 20:951-959,
1977.

Rogers, M.J., Law, L.W. , Prat, M. , Oroszlan, S., and Appella, E.:

Separation of the tumor rejection antigen (TSTA) from the major structural
proteins of an R-MuLV induced leukemia. Int. J. Cancer 21:246-252, 1978.

Natori, T., Law, L.W., and Appella, E. : Immunochemical evidence of a tumor
specific surface antigen (TSSA) obtained by detergent solubilization of the

membranes of a chemically induced sarcoma Meth A. Cancer Res . 38:359-364,
1978.

Padarathsingh, M.C., Dean, J.H. , McCoy, J.L., Lewis, D.D., Northing, J.W.,

Natori, T., and Law, L.W. : Cell mediated immunity against particulate
and solubilized tumor-associated antigens of murine plasmacytomas detected
by macrophage migration inhibition assays. Int. J. Cancer 20:624-631, 1977.

Rogers, M.J., Law, L.W., and Appella, E. : Subcellular distribution of T-

antigen and tumor specific transplantation antigen in SV40 and polyoma
transformed cells. Proceedings of the EMBO Workshop on Molecular Biology.

INSERM 69:349-356, 1977.

Alaba, 0., and Bernstein, I.D.: Tumor growth suppression in vivo :

Cooperation between immune lymphoid cells sensitized in vitro and nonimmune
bone marrow cells. J. Immunol . 120:1941-1946, 1978.

Bernstein, I.D., Alaba, 0., Cohen, E., and Wright, P.W.: Potentiation of the

in vitro specific cytotoxic response to syngeneic lymphoma cells by PPD,

stimulated tuberculin-sensitive cells. Cellular Immunol., In press, 1979.

716



ZOl CB 03200-10 LCBGY

Alaba, 0., Bernstein, I.D., Wright, P,W., and Hellstrom, K.E.: Potentiation
of the in vitro cytotoxic response to syngeneic lymphoma cells by soluble
products of tuberculin-sensitive lymphoid cells stimulated by PPD. Cellular
Immunol. In press, 1979.

717



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 03229-10 LCBGY

PERIOD COVERED

October 1, 1978 through September 30, 1979
TITLE OF PROJECT (80 characters or less)

I. Chemical structure of immunoglobulin molecules, allotypes and human histocom-
patibility antigens. II. Biochemical characterization of soluble murine H-2
antigens, tumor specific antigens and epoxide hydrase.
NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: Ettore Appella
OTHER: John Inman

Rose Mage
G.C. DuBois
E.A. Robinson
A. DeLeo
G. Jay
U. Ferrini

Medical Officer (Res.)

Biochemist
Immunochemist
Staff Fellow
Chemist
Immunochemist
Expert
Visiting Scientist

LCBGY NCI
LI NIAID
LI NIAID
LCBGY NCI
LCBGY NCI
Sloan-Kettering
LMV NCI
LCBGY NCI

COOPERATING UNITS (if any)

Sloan-Kettering Cancer Center, New York, N.Y.

Laboratory of Molecular Virology, NCI
Laboratory of Immunology, NIAID,

lab/branch

Laboratory of Cell Biology
SECTION

Office of the chief
INSTITUTE AND LOCATION

NCI, NIH, Bethesda, MP 20205
TOTAL MANYEARS:

5.25

PROFESSIONAL:

4.50 0.75
CHECK APPROPRIATE BOX(ES)

G (a) HUMAN SUBJECTS

(a1 ) MINORS (a2) INTERVIEWS

x(b) HUMAN TISSUES (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

Chemical and Structural Studies of Antibodies, Histocompatihility Antigens, Tumoi'

Antigens and Epoxide Hydrase. It is the purpose of this project to study the

chemistry and structure of different molecules. Antibodies of different
specificities are purified. The chemical sequence of both the light and heavy
chains is obtained in order to gain some insight into the nature of antibody
specificity and the generation of diversity. Isolation methods for histo-
compatibility antigens, tumor antigens and epoxide hydrase have been worked out

The chemical structure of these proteins is being approached by micro methods anci

the relationship of the amino acid sequence to immunoglobulin structure or other
known structures is being analyzed. Epoxide hydrase plays a critical role in

chemical-induced mutagenesis and carcinogenesis. Structural studies have been

undertaken with the goal of identifying amino acid residues which are essential

for catalytic function.

718
PHS-6040
(Rev. 10-76)



ZOl CB 03229-10 LCBGY

Rabbit Immunoglobulins:

In order to study the structural localization of an allotypic determinant
of rabbit heavy chains, we have isolated tryptic peptides from the heavy chains
of two or three homozygous rabbits. The immunological properties of these
peptides were studied using radioimmunoassays that involved inhibition of a
reaction between I labeled anti-a3 antibodies and sepharose-bound a3 IgG.

The immunopep tides which we recovered inhibited at least 60% of the maximal
binding of purified, labeled a2 anti-a3 antibodies to a3 IgG. Thus major
antigenic determinants recognized by these particular anti-a3 antibodies
were retained on the portions of V region recovered from the tryptic digests.

H

Mouse Immunoglobulins :

The amino acid sequence of the deleted heavy (a) chain of mouse myeloma
IgA 47A has been determined from the sequences of the cyanogen bromide frag-
ments of the carboxymethylated chain and the tryptic peptides of the amino-
ethylated chain.

Comparison of this sequence to the sequences of other, nondeleted, human
a chains and mouse -yla chains revealed that there are no deletions in the vari-
able region (residues 1 to 115), the first domain of the constant region, CI
(residues 116 to 217) , the hinge region (residues 218 to 240) , or the C 2

domain (residues 241 to 330). However, the entire C 3 domain has been
deleted. The failure of IgA 47A to form four-chain molecules and the unusual
presence of a covalent light-heavy chain bond both appear to be related to the

absence of the C 3 domain. These structural features are consistent with
mutations in the interdomain regions of the constant genes which may alter

a mechanism of excision and splicing normally operating for these units.

Histocompatibility and Tumor Antigens :

Biochemically purified alloantigenic heavy chains of three different H-2
haplotypes were found to have very similar' amino acid compositions. However,

their N-terminal sequences exhibited a much greater degree of heterogeneity
than has been reported for intrinsically radiolabeled H-2 molecules purified
from immune precipitates. It is concluded that microheterogeneity can be

detected more readily in H-2 purified by the former method,.

Comparative structural studies of papain- and detergent- solubilized

H-2 have shown that their heavy chains differ in length by 55 residues but

have identical half-cystine contents. This is in contrast to HLA where the

two forms differ by 95 residues including one half-cystine. These results
indicate that the interaction of H-2 with the membrane differs from that of

HLA.

A full understanding of the genetics and regulation of the histo-
compatibility antigens and tumor antigens will require an analysis of the DNA
encoding the genes for these antigens. In order to approach this problem,

translation in vitro of the messenger RNAs for these polypeptides has been
attempted. The cell-free translation of the mRNA encoding the heavy chain of

histocompatibility antigens (H-2 ) and the partial purification of this mRNA
has been obtained. Attempts are being made to use such a preparation for
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molecular cloning experiments.

Antisera prepared against BALB/c Meth A sarcoma in syngeneic or
compatible Fl mice failed to immunoprecipitate any identifiable proteins
from an antigen preparation from Meth A prepared by detergent solubilization
of purified membranes and isolation of the 60-70K dalton region obtained
from AcA 34 gel filtration. The antisera however, did recognize a protein
with an apparent molecular weight of 53,000 in extracts of [ S]-methionine-
labeled transformed BALB/c cells. The component designated p53 was not
detected in normal adult mouse fibroblasts, lymphoid cells, or hemato-
poietic cells or in mouse embryo cells or 3T3 cells. An extensive panel of

antisera, including alloantisera and heterologous antisera directed against
structural antigens of murine leukemia viruses was tested for their ability
to recognize a p53; other than Meth A antisera, only comparably prepared
antisera against another BALB/c sarcoma CMS-4 had anti-p53 activity. All
transformed mouse cells tested were found to express p53; this included
virally and chemically induced sarcomas, leukemias and spontaneously transformed
cells. The presence of p53 in tumors of no known viral etiology indicates
coding by resident cellular genes.

We are now presently engaged in the purification of p53 in sufficient
quantities to allow characterization of the protein and possible identification
of its function in the transformation process. Studies conducted with [ S]

methionine-labeled Meth A cells showed that the bulk of p53 resides not in

the membrane of the cell but in the cytosol (>90%) . We have therefore,
undertaken the purification of p53 from the cytosol of ascites of Meth A
sarcoma. Briefly the purification so far consists of preparation of cytosol,
ammonium sulfate precipitation, gel filtration on Sephacryl S-200 followed
by gel filtration on Ultrogel AcA 54, and lastly DEAE Sephacel chromatography.
In order to follow the presence of p53 we have used two methods. The

first inhibition of cell mediated toxicity and tumor inhibition activity.
In all steps taken so far these two activities are always found together.

We are also engaged in the development of a radioimmunoassay to aid in the

purification of p53.

Cell membranes of the C-1 fibrosarcoma of BALB/c mice contain alien
histocompatibility of the H-2 haplotype (H-2.23, 1, 5, 11 and 25) as well
as the normal H-2 antigens. These H-2 alien antigens have been
characterized biochemically and serologically. Recent indirect evidence

indicates that the alien antigens do not function as tumor associated
transplantation antigens. We have recently separated all H-2 activity

from a purified fraction known to be immunogenic in C-1 mice. Briefly
the preparation is isolated by solubilization of membranes, AcA 34

chromatography (pool 80-70 K MW) and lentil lectin chromatography.
The bulk of H-2 activity eluted before the TATA activity on the AcA 34

column, the 60-70K cut produced a bound and unbound fraction after lectin

chromatography, the unbound fraction, free of H-2 antigens contained the bulk

of tumor rejection activity.
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Epoxide Hydrase :

Hepatic microsomal epoxide hydrase from phenobarbital-treated rats was
purified in the presence of proteolytic enzyme inhibitors and subjected
to carboxypeptidase Y digestions, automated Edman degradation, and carbo-
hydrate analysis. Carboxypeptidase Y digestion resulted in the near
stoichiometric release of leucine, the carboxyl terminal amino acid.
Automated Edman degradation permitted the identification of the first
twenty amino acid residues of epoxide hydrase. Methionine was identified
as the amino terminal residue. The amino terminal region of epoxide
hydrase is similar in hydrophobicity to the amino terminal regions of

several secretory proteins and the amino terminal regions of several micro-
somal cytochromes P-450. Carbohydrate analysis of the enzyme revealed the
presence of 0.5-1.0 mole of mannose/50,000 g protein. These results provide
evidence for the presence of a single polypeptide chain in our purified
enzyme preparations and suggest that there is probably only one enzymic
form of epoxide hydrase in microsomes from phenobarbital treated rats.

Preliminary experiments have been conducted with the goal of identifica-
tion of a partial amino acid sequence surrounding the active-site histidine
residue. Tryptic digestion of the succinylated protein which had been
reduced and carboxymethylated gave a very complex mixture of peptides along
with considerable undigested protein. Cyanogen bromide treatment of the

enzyme in 70% formic acid produced only 4-5 bands (MW 10,000-20,000) on SDS

gels. Further investigations on the chemical cleavage of epoxide hydrase
are now in progress.

Publications :

Henriksen, 0., Robinson, E.A., and Appella, E. : Purification and chemical
characterization of papain-solubilized histocompatibility-2 (H-2 ) antigens
from mouse liver. J. Biol. Chem. , In press, 1979.

Rogers, M. J. , Appella, E. , Pierotti, M.A. , Invernizzi, G. , and Parmiani, G.:

Biochemical characterization of alien H-2 antigens expressed on a methylcho-
lanthrene induced tumor. Proc. Natl. Acad. Sci . 76:1415-1419, 1979.

Law, L.W., DuBois, G.C., Rogers, M.J., Appella, E. , Pierotti, M,A.., and

Parmiani, G.: Tumor rejection activity of antigens isolated from the membranes
of a methylcholanthrene- induced sarcoma, C-1, bearing alien H-2 antigens.

Transplantation Proceedings , In press, 1979.

Rogers, M.J., Pierotti, M.A. , Parmiani, A., Appella, E.: Alien H-2 antigens

(H-2 ) appearing on a methylcholanthrene induced tumor (H-2 ) : Biochemical
characterization. Transplantation Proceedings , In press, 1979.

Ansari, A.A. , Mage, R.G., Carta-Sorcini, M. , Carta, S., and Appella, E.

:

Immunochemical studies of the a allotypes of rabbit heavy chain variable
regions. II. Immunological properties of peptides from variable regions of

heavy chains of limited heterogeneity and a3 allotype. Immuno chemistry 15:

569-575, 1978.
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single polypeptide chain. J. Biol. Chem. , In press, 1979.

DeLeo, A.B., Jay, G. , Appella, E. , DuBois, G.C., Law, L.W. , and Old, L. J.

:

Detection of a transformation-related antigen in chemically induced sarcomas
and other transformed cells of the mouse. Proc. Natl. Acad. Sci. USA
76:2420-2424, 1979.

DeLeo, A.B., Appella, E. , Law, L.W. , Khoury, G. , and Old, L.J.: A common
transformation-related protein in murine sarcomas and leukemias of different
etiologies. Cold Spring Harbor Symposia , In press, 1979.

Chersi, A., Appella, E. , Carta, S., and Maga, R. : The amino acid sequence
of a variable region of rabbit b4 light chain from an anti-SIII antibody:
comparison with light chains of the same sub-group from anti-A-variant
carbohydrate antibodies. Molecular Immunology , (742), In press, 1979.

Appella, E. , DuBois, G.C., Natori, T., Rogers, M.J., and Law, L.W.

:

Histocompatibility antigens and tumor specific transplantation antigens
of a methylcholanthrene- induced sarcoma. In Rudden (Ed.) Biological Markers
of Neoplasia: Basic and Applied Aspects New York, Elsevier, 1978, pp. 213-

225.
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Major Findings:

1. Intracisternal A particles. In a continuing study of the mechanisms
of replication of intracisternal A particles (lAP) we have made use of a

series of hybrid and cybrid cell lines which were developed as a means of
promoting horizontal transfer of a virus entity which is not released from
the cell. Several salient facts are now known.

lAP genes exist in all cell lines and tumors thus far tested even
though such lines may not express the particles; this is true for feral
and inbred lines of mus musculus and feral lines of Mus cervicolor

,

an
Asian strain of Mus which diverged from Mus musculus some 3-5 million
years ago. Thermal denaturation curves confirm that TAP genes have been
conserved with little divergency when the M. cervicolor and M. musculus
DNAs are compared, using a cDNA probe from TAP.

When cells or cytoplasts (enucleated cells) pheno typically positive
for lAP are fused to phenotypically negative recipient cells, the resulting
hybrids and cybrids permanently express lAP. In some cell crosses there
is no increase in the number of lAP genes associated with positive pheno-
typy, but in at least one instance (MT cytoplasts x 3T3-4EF cells) there
was an increase of 10 lAP gene copies per haploid genome. We have
recently established by the Hirt fractionation technique that these genes
are most probably integrated in the cell genome. This is important
because integration must occur before the production of progeny particles
can proceed.

In an attempt to determine if TAP can be transmitted by DNA trans-
fection techniques, DNA was extracted from infected cells and used to

treat phenotypically negative cells. From numerous other studies of both
DNA and RNA tumor viruses, it has become apparent that transfection is a

very inefficient procedure and that detection of cytopathic effect or

transformation is heavily dependent on secondary virus infection mediated
through horizontal transfer. Since lAP are not released from the cell

there is no opportunity for horizontal transfer, but preliminary experi-
ments suggest that transfection of lAP may be possible at a very low level
of efficiency. Current efforts are directed toward estimating the number
of lAP-specific RNA sequences in transfected cells to determine_ if an

increase occurs, even in the absence of particle production.

2. Effect of interferon on murine retroviruses. In an ongoing

collaboration with Dr. Paula Pitha it has been determined that there are

multiple abnormal structural proteins in virions produced in the presence
of interferon. It has already been established that retroviruses represent

an almost unique class of viruses in their response to interferon.

There is no demonstrable effect on viral mRNA, but rather there is most

likely a late stage block in virus assembly, producing defects in

maturation which render the virions noninfectious. These changes are

almost completely reversible providing that interferon is removed from

the system.
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Since interferon-treated virus contains both high molecular weight
(70S) RNA and its appropriate subunits, it was deemed necessary to analyze
the synthesis of the major virion polypeptides. JLSV-6 cells chronically
infected with Rauscher MuLV were used as the test system. By combining
SDS polyacrylamide gel electrophoresis, immunoprecipitation with specific
antisera against viral proteins, and electron microscope monitoring of
cell associated and released virus, it was possible to determine the
differences between control and interf eron-treated virions.

In control Rauscher virus the major glycoprotein is gp71 but after
interferon exposure there is an additional glycoprotein of 85,000 daltons
which contains glucosamine, is deficient in fucose, and is precipitated by
antiserum to gp71. Given these properties this protein may be related to

the env gene precursor pr85. Using the lactoperoxidase technique, it was
found that control virus contained gp71 and gp85 as the major components
in the external virion envelope, while there were small but detectable
amounts of the gp71-pl5E complex (gp90) . Following interferon, the gp90
complex was no longer detectable. When virions were disrupted with de-
tergent and precipitated with p30 and Rauscher MuLV antisera, additional
proteins of 65k, 55k, 40k, and 20k daltons were seen after interferon
treatment. These results suggest that there are precursors to the gag
proteins which are not cleaved during virus assembly and maturation.
This failure of proteolysis could be due to the effect of interferon on
a particular step in protein glycosylation or phosphorylation or there could
be a more general effect on cell membrane physiology which alters the

insertion of viral proteins into the plasma membrane. The effects of

interferon were not detectable at the ultrastructural level as the virus
that was either membrane-associated or released into the tissue culture
medium appeared essentially the same as the controls. Such observations
confirm the fact that interferon acts on the virus at the macromolecular
level

.

3. Morula or Mott cell phenotype in a mouse plasmacytoma. Morula
cells were first described by Mott and seen in association with trypano-
somiasis. They were so named because of their distinctive light micro-
scopic features, in particular a globular configuration suggestive of a

mulberry. Since that initial observation these cells have been identified
as a particular form of plasma cell containing greatly dilated 'ergasto-

plasmic sacs filled with immunoglobulin, often in the form of paracrys-
talline arrays (Russell bodies) . The association with trypanosomiasis
has since been extended to a variety of infectious and non-infectious
diseases whose common feature is an accompanying plasmacytosis . There
are rare forms of human myeloma which consist primarily of morula cells.

Recently we identified the first morula cell tumor in the collection
of induced plasmacytomas maintained by Dr. Potter. Not only is this cell

phenotype unusual, but there are several associated features which make
the tumor a worthwhile model for further study. First, the cells have a

readily identifiable marker, a defect in secretory capacity, which has

not altered their malignant behavior. Second an unusual new class of MuLV
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has been found in association with this tumor, an MCF or mink cell focus-
inducing virus. Such viruses have the host range of both ecotropic and
xenotropic MuLV and probably represent a recombinant between these two

types of viruses. Until now most of the MCF isolates have been found in

mouse strains with high titers of ecotropic virus where the chances for

such a recombinational event are optimum. It is of great interest that

the MCF virus isolated from the morula cell tumor occurred in CB mice
(a backcross between C57B1 and BALB/c strains) which have a low in-

cidence of virus production and spontaneous lymphoma. It is tempting
to speculate that the ability to produce a cytopathic effect in mink
cells may be related to the transforming properties of the virus, and

there is a suggestion that MCF virus may be a particularly effective
leukemogenic variant in AKR mice. It will be important to determine
if the properties of MCF virus are related in any way to the membrane
abnormalities inherent in the morula cells. Since both the cell phenotype
and the virus class are unusual, the association may be more than fortui-

tous.

4. Retrovirus associated with FBL-3 cells. In a collaborative pro-

ject with Dr. C.C. Ting, it was determined that a retrovirus associated

with FBL-3 cells may exert an immunosuppressive effect, as measured by

various in vitro assays. The studies done to characterize this virus
revealed some unusual properties, particularly from the standpoint of

morphology and biological competence.

As a class of viruses, the retroviruses (type C particles) often
show an almost characteristic divergency between their ultrastructural
appearance and the ability to replicate or cause transformation of cells.

It is well documented, particularly in the mouse model, that replicating
virus can be identified in such diverse organs as the thymus, spleen and

pancreas without causing overt disease; these particles are structurally
indistinguishable from the particles of the most virulent strains of virus

such as AKR which is responsible for a high incidence of lymphoma. Up to

now there have been only two reports showing a direct correlation between

structural configuration and biological activity. One, Friend MuLV

attenuates in tissue culture with the result that the virus produced in

vitro seldom induces disease in susceptible mice. About 80% of the virus

particles produced in tissue culture are of the immature type (having an

electron lucent core) while less than 20% of the particles isolated from

mouse serum are immature. Second, readily detectable alterations of

virion morphology have been seen in temperature-sensitive mutants of

Rauscher MuLV when observed at the non-permissive temperature.

The retrovirus associated with FBL-3 cells represents the third

instance in which a largely replication defective virus shows marked

changes in the ribonucleoprotein core. In almost every particle there

are bizarre distortions of the electron dense core with multiple convolu-

tions and irregular deletions. In vitro studies revealed that these virions

are readily released from infected cells, i.e., there are significant levels

of reverse transcriptase in the tissue culture fluid. ^^Jhen such virions
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are assayed by the X-C test, there is a low titer, less than 2 logs pfu/ml,
indicating a low particle to infectivity ratio. Thus the RBL-3 associated
virus is morphologically aberrant, mostly replication-defective, and has
a defect which occurs during a late stage of assembly following the
completion of budding and involving the condensation of the core.

Publications :

Pitha, P.M., Wivel, N.A., Fernie, B.F., and Harper, H.P.: Effect of

interferon on MuLV infection. IV. Formation of noninfectious virus in

chronically infected cells. J. Gen. Virol . 42:467-480, 1979.

Yang, S.S., and Wivel, N.A. : Intracisternal A particle-specific DNA
sequences in mammary tumor cells, hybrids, and cybrids derived from
laboratory mice and from feral mice of Mus musculus and Mus cervicolor .

Virology , In press, 1979.

Pitha, P.M., Fernie, B., Maldarelli, F., Hattman, T., and Wivel, N.A.

:

Effect of interferon on MuLV infection. V. Abnormal structural proteins
in virions of Rauscher MuLV produced in the presence of interferon.
J. Gen. Virol . In press j 1979.
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Major Findings :

(1) Evidence supporting the integration of horizontally transferred
viral genome and its localization in the host cell and (2) regulation of
viral gene expressions .

Intracisternal A particles (lAP) , Retroviridae , are distinctive in that
they are confined to cytoplasmic cisternae of various tumor cells (myeloma,
mammary tumor, neuroblastoma, rhabdomyosarcoma, and yolk sac carcinoma), em-
bryonic cells, and rarely in normal adult cells. When isolated and purified
from murine tumors, they have never been shown to be infective. We have in
the past cultivated mouse cell lines, which were negative for the lAP pheno-
type, with whole cells, subcellular fractions and purified TAP without suc-
cessful stimulation of TAP production in these negative recipient cells. The
lack of infectivity of isolated, purified lAP may reflect impaired entry and
uncoating within the host cell; additionally, the potential infective capa-
city of lAP is significantly compromised by an isolation procedure which
requires detergent treatment. Until now, horizontal transfer of lAP could
only be demonstrated by fusion of lAP-positive cytoplasts, derived from
mammary tumor cells (MT) , with lAP-negative recipient cells. In this model
for horizontal transfer of the TAP genome, we have used as the lAP donor, a

continuous cell line established in this laboratory and derived from a BALB/c
mammary tumor. As recipients, two pheno typically negative cell lines were
used, 3T3-4EF cells (NIH Swiss) and the II6C clone of SC-1 cells (feral).
Mammary tumor whole cells or cytoplasts (enucleated cells) were fused to

these lines. The resulting hybrids and cybrids have previously been well
characterized. The chemical proof of direct integration of viral genetic
information, horizontally transferred by the fusion of lAP-negative line
with lAP-positive cytoplast or whole cell, has yet been resolved. In this
on-going project, we have completed the approximations of the numbers of

copies of lAP-specific DNA sequences in the parent cells and their related
cybrids and hybrids, using a radioactive cDNA probe synthesized by the endo-
genous reverse transcriptase reaction of MI lAP for DNA-DNA hybridization.
The purpose of this study is to define more precisely the mechanisms of lAP

phenotypic transfer and in particular to determine whether lAP-specific DNA
sequences already exist in these recipient cells or whether such DNA sequences
are integrated de novo as a result of the fusion process.

Based on the copy numbers of lAP-specific DNA sequences observed in the

various parent cells, hybrids, and cybrids, and the thermal stability charac-
teristics of the DNA duplexes, two mechanisms were proposed for lAP expression
in the cybrid cells which were formed by the fusion of lAP-positive cyto-
plasts with lAP-negative cells.

First, one pheno typically negative recipient cell line, 3T3-4EF, had only
1-2 copies of lAP-specific DNA sequences per haploid genome prior to fusion.

When this line was fused to MT cytoplasts containing lAP, the resulting
cybrid cells were found to have about 10 copies of lAP-specific DNA sequences,

which by the Hirt procedure, localized in the detergent insoluble fraction of

the nuclear DNA. Thus the continuous replication of lAP in the MT x 3T3-4EF
cybrids was associated with an increase in the number of lAP-specific DNA
sequences in the cell genome.
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Second, another pheno typically negative recipient cell line, II6C, had
about 4 copies of lAP-specific DNA sequences per haploid genome prior to

fusion. Following fusion with MT cytoplasts, the resulting MT x II6C cybrids
did not show any increase in the number of lAP-specific DNA sequences, even
after lAP replication had become overt, continuous and nonsegregated . The
lAP expression in these cybrid cells may be explained by the derepression of a

regulator gene controlling the expression of lAP in II6C, due to a factor
transferred from the MT cytoplast. It seems therefore, the expression of

lAP also comes under the control of a regulator gene.

(3) Integration site(s) for exogenous viral DNA sequences by restriction
endonuclea:se analyses and (4) mapping of a viral genome

Another finding of this study concerns the number of integration sites
for lAP in the cell DNA. The data derived from these particular cell lines
suggest that there is an upper limit to the number of lAP-specific sequences
that can be incorporated into the cellular genome. There are about 10 copies
of lAP-specific DNA sequences per haploid genome of MT cells, the MT-3T3-4EF
hybrids show an additive effect with about 20 copies, and the MT cytoplast
x3T34EF (J18) cybrids contain about 10 copies. These results are consistent
with the hypothesis that both MT and 3T3-4EF cells can incorporate about 10

copies of lAP-specific sequences per haploid genome. A similar limit is ob-

served in the case of II6C cells which contain 4 sequence copies per haploid
genome both before fusion and after being fused as cybrids. While the de-

repression of a pre-existing genome would explain the results seen in the MT-

II6C cybrids, it is also possible that other related interactions could occur

as well. The pre-existing copies of lAP DNA sequences could have effectively

blocked all the available integration sites or the cDNA generated by the lAP

donated from the MT cytoplasts could have replaced the pre-existing copies at

the time of integration. Evaluation of these possibilities would be difficult

in this system. However, there is a precedent for the limit in copy numbers

that can be integrated into cell DNA in exogenous infection of mouse cells with

AKR MuLV.

A more sophisticated and direct approach to the problem of integration

sites for exogenous viral DNA sequences in host cell genome was pursued

using a combination of restriction enzyme analyses on the DNA of KiMSV(RHHV)

transformed Fisher embryonic cells, agarose gel electrophoresis'. Southern

blot transfer, and DNA-DNA hybridization with the viral cDNA labeled in P.

This particular approach also yields information on the physical mapping of

the viral specific DNA sequences within the host cell genome. Earlier, using

an endogenous reverse transcription generated cDNA of KiMSV(RHHV) we found

a basal level, 2-3 copies per haploid genome, of DNA sequences homologous to

this viral cDNA in both normal Fischer rat liver and embryonic cells, and

also in the parental cells, K-NRK and HTC-Hl. Viral transformed cells and

tumor transplants demonstrated multiple copies of viral cDNA sequences (10 per

haploid genome) . By restriction endonuclease analysis with Eco RI we

demonstrated the integration of viral specific DNA sequences in host cell DNA
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fragments of 19.0, 6.6, 4.8, 3.3, 2.5, 2.1, 1.65, 1.53 kilobases.
Repetitive sequences seemed to be localized at one particular fragment, which
is being analyzed in greater detail. Internal integration sites were
revealed by secondary digestions with other restriction endonucleases such as
Hpa II and Pst. On the other hand Bam HI and Hind III did not attack the
transformed cell DNA at all. Incomplete as they are, our data coroborate well
with the earlier results obtained by DNA-DNA hybridization kinetic studies.

Using reverse phase V column chromatography for the purification of the
restriction endonuclease digested DNA fragments of the viral genome and knowing
the base sequence specificity of the enz3naatic reaction, we have been able
to construct a very preliminary map of KiMSV(RHHV) genome, the size of which
was estimated to be approximately 8.5-9.0 kilobases.

(5) Viral gene conservation during the evolution of the Mus genus.

A survey of the lAP-specific DNA sequences in laboratory strains of mice
as compared to feral mouse cells in Mus muscuius and Mus cervicolor indicates
that the lAP genome is highly conserved. A T (thermal denaturation) variance
of 4° plus the increase in copy number of lAP -specific DNA sequences suggests
that there has been a relatively recent increase in the rate of divergence of

such sequences in the laboratory strains of Mus bearing different types of

tumors. The dichotomy of feral mouse versus inbred strains of laboratory
mouse in which this difference in the evolving rates of a viral gene became
apparent, has previously been documented in the MMTV-infected laboratory
strains as compared to the feral mice of various species of Mus . Perhaps
this is in some way related to the fact that the maximal expression of lAP
occurs in tumors.

Relationship of Research to National Cancer Plan:

Project Area - 10

Approach Elements - 2

Approach - 4

Publications : • - —
Yang, S.S. and Wivel, N.A. : Intracisternal A particle-specific DNA sequences
in mammary tumor cells, hybrids, and cybrids derived from laboratory mice
and from feral mice of Mus musculus and Mus cervicolor . Virology 96: Sept.

1979.

Yang, S.S., Taub, J., and Chen, C: Chromosome aberrations and viral specific
DNA sequences in Fischer rat tumors and embryonic cells transformed by
KiMSV(RHHV). Cancer Research (in press) 1979.
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associated with RCN of SJL/J mice. 6) Activation of endogenous retroviruses
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Project Description:

I. Further characterization of SJL/J-MEF-X-MuLV and SJL/J-RCN-X-
MuLV by serum neutralization and viral interference tests: These viruses
were neutralized not only by anti-X-MuLV sera but also, although to a
lesser extent, by anti-ecotropic virus serum such as anti-Dl-MuLV, anti-
Moloney-MuLV, and anti-AKR-MuLV. This may indicate that these ecotropic
viruses used for immunization contained a population of phenotypic
mixtures of ecotropic and xenotropic MuLVs. The rabbit antisera against
these X-MuLVs also neutralized to a certain extent the Dl-MuLV but not
Rauscher-MuLV. It is also possible that Dl-MuLV, which was also derived
from SJL/J mice, may share some envelope antigen with SJL/J-X-MuLVs. The
viral interference test indicated also a certain degree of relation between
the ecotropic Dl-MuLV and the SJL/J-X-MuLVs because there was a one-way
cross interference, i.e., the former interfered with the replication of the
latter but not vice versa . The exact significance of these phenomena is

presently unknown.

The etiological relationship of these viruses to the reticulum cell
neoplasm of SJL/J mice is not clear. Further work is in progress to

examine the presence of dual-tropic (recombinant) viruses which have
recently been shown in another murine system (AKR lymphoma) to be of

possible oncogenic significance.

II. Further characterization of a novel dual- tropic virus isolated
from Abelson-MuLV induced lymphoma in BALB/c mice. After clonal purification
of the original isolate (formerly designated CNBX) , its ability to form
syncytial cell fusion with XC cells has been lost. Therefore, this

clonal isolate is named NBX. This virus was neutralized both by anti-
ecotropic (M-MuLV) and by anti-X-MuLV (AT124) and old age NZB mouse sera,

indicating the hybrid nature of its envelope antigens. Its antigenic
relationship with other dual-tropic viruses (MCF and HIX) was also investi-
gated by cross neutralization tests. These 3 isolates of dual-tropic viruses
were found to be antigenically similar to each other. Furthermore, they

were found to share some cross-reacting envelope antigens with wild mouse
amphotropic viruses. The viral interference assay also revealed that these

3 dual-tropic virus isolates belonged to the same class, but the NBX virus
is more like MCF virus than HIX virus in that it does not interfere with
the ecotropic virus-MSV pseudotypes but its MSV pseudotype, MSV (NBX), is

interfered with by the ecotropic viruses, whereas the reverse is true for

HIX virus. The NBX virus has been inoculated into newborn BALB/c mice
without causing any neoplasm to date (more than 6 months) . Its pathogenic
potential and oncogenic role in the Abelson virus complex (including
replication-defective Abelson virus, M-MuLV, X-MuLV, and NBX) remains to

be investigated.
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III. Isolation and characterization of amphotropic viruses from cell
cultures of RBL-5, an R-MuLV induced tumor in C57BL/6, and YAC an M-MuLV
induced tumor in A strain mice. This is a first report on the discovery of
amphotropic viruses (originally shown to be present only in some wild mice
of California) from the cells of inbred mouse. These were designated R5NX
and YACNX, respectively, denoting their N-tropism and xenotropism as well
as origins. These viruses have been isolated by initial passages in

susceptible heterologous host cells such as S L Mink or feline cells.
The viral interference pattern of R5NX and YACNX viruses, as well as its

N-tropism and xenotropism, coincided with that of wild mouse-ampho tropic
virus. By cross-neutralization tests with immune rabbit antisera, it was
found that, although these viruses were related closely with each other,
YACNX virus was slightly different from both R5NX and the wild-mouse
amphotropic virus. These viruses also share some group-specific envelope
antigens with dual- tropic viruses described above.

It is not unreasonable to postulate that the genome of amphotropic
virus has been preserved in the inbred mice as well as in wild mice.
Despite the fact that the RBL-5 and YAC cells carry NB-tropic MuLVs, the

R5NX and YACNX viruses are both N-tropic and xenotropic. It is possible
that an endogenous ecotropic virus which is N-tropic, and another endogenous
virus which is xenotropic have been activated by the NB tropic virus,

resulting in recombination between the former two viruses. The role of the

NB-tropic virus which may or may not contribute a part of its genome to

generate NX virus of amphotropic viral characteristics needs further
investigation.

The ability of various viruses including M-MuLV, R-MuLV, HIX, MCF,

NBX, wild mouse amphotropic virus, R5NX, and YACNX, to induce transplanta-
tion resistance against RBL-5 tumor challenge in (BALB/c x C57 BL/6)F1
mice was investigated. These mice were immunized 4 times s.c. at 1-2

week intervals with SC-1 cells carrying various viruses, and subcutaneously
challenged with RBL-5 cells 1 week after the last immunization. Among

these groups, only those immunized with R-MuLV and M-MuLV-carrier cells

gave a substantial protection, while NBX- and HlX-carrier cells gave a

partial protection. Therefore, although the R5NX virus was isolated from

RBL-5 cells, its virus-induced antigen responsible for transplantation
resistance was not expressed on the RBL-5 cell membrane or on the SC-1

cells carrying the R5NX virus.

IV. The role of a B-tropic virus isolated from llA, an M-MSV
transformed BALB/3T3 cell line, in the tumor immunity induced by llA

against Meth A (carcinogen induced) tumor cells. The discovery of a B-

tropic virus from an originally nonproducer M-MSV transformed BALB/3T3 is

unusual, and a study is underway to find any causal relationship between
this virus and the ability of llA cells to induce transplantation immunity

against an individually specific Meth A tumor as reported by DeLeo et_ al.

(Memorial Sloan-Kettering Institute). In cooperation with Drs. Law,

Appella, Jay, and DeLeo, the ability of this virus to induce transplanta-
tion resistance and cell antigen capable of absorbing the cytotoxic
activity of a specific syngeneic antiserum against Meth A is being
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investigated. The tumorigenic llA line carried in vivo has been
reestablished in culture, and it was found to produce no B-tropic virus
but exhibit a resistance to superinfection by the B-tropic virus isolated
from the ±n vitro llA line. The inability of llA tumor line to induce
transplantation resistance against Meth A may or may not be related to

the above phenomenon. The role of xenotropic viruses expressed by these
cell lines is also being investigated.

V. Attempts to isolate hybridomas with NK activity, and further
studies on RCN-NK activity of SJL/J mice. Since a high NK activity is
found to be associated with transplantable RCN of SJL/J mice, attempts
have been made to isolate hybridomas exhibiting NK activity by fusing
an RCN (D4) with a culture of syngeneic T cell lymphoma cell line (D2)

resistant to either azaguanine (D2-A) or bromodeoxyuridine (D2-B) . Since
D4 cannot be cultured in vitro , and D2A or D2B cannot grow in HAT medium,
hybridomas of D2A-D4 and D2B-D4 could be easily obtained by growing in
the selective medium, HAT, after the cells were fused by means of poly-
ethylene glycol. However, so far no hybridoma with NK activity has been
obtained. Further enrichment of the NK cell population in D4 before
hybridization, and screening of sufficient numbers of hybridomas may be
necessary to achieve the goal. Time kinetics for the development of NK
activity after i.p. inoculation of SJL/J mice indicated that the longer
the RCN was carried in the mouse the higher was the NK activity. The NK
activity of spontaneous RCN in SJL/J mice was investigated as these tumors
became available. It was found to have no NK activity against RBL-3, the
target cell which had been found to be most sensitive to NK activity of
transplantable RCN lines. However, 3 spontaneous RCNs among others so

far examined showed NK activity against EL4G and/or D2 target cells. It

is postulated that the NK cell population is heterogenous in the primary
RCN, and each subpopulation of NK cells possesses a different repertoire
of antigens or surface markers to be recognized on various target cells.
After serial transplantations, the selective pressure may favor one
subpopulation of NK cells over others.

The ability of unlabeled target cells to compete against labeled
RBL-3 target cells was examined. Cells of RBL-3, RBL-5, YAC, and EL4G~ all
competed successfully against labeled RBL-3 as target. Under the same
conditions D2 cells did not. The efficiency of competition did not
necessarily parallel with the sensitivity of these cells as target.

Detergent solubilization and fractionation by precipitation with ammonium
sulfate was attempted on RBL-3 cells to find the active fraction showing
the highest inhibitory effect on the RCN-NK activity. Three fractions
were collected by precipitation with 30%, 50%, and 80% ammonium sulfate
saturation. When 80 yg of these 3 fractions were added to each well of

effectors before addition of labeled target cells (at E/T ratios ranging
from 200 to 50) these 3 fractions showed respectively, 8-9%, 40-55% and
19-30% inhibition of RCN-NK cytotoxicity. The fraction precipitated
with 50% saturated ammonium sulfate gave a maximal yield and the highest
inhibitory effect, showing 89% at 160 yg level, whereas other fractions
showed only 15-35% inhibition with the same dose. Further purification
of the active component and study of its relationship with type C viral
structural antigens are in progress.
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VI. Activation of endogenous type C retrovirus by Hycanthone.
Hycanthone, an effective drug used for treatment of patients with
schistosomiasis, was reported to be a potent frame-shift mutagen in both
Salmonella and T4 bacteriophage during growth in Ej_ coli . It was also
shown to be mutagenic in yeast, Drosophila and mammalian cells, and caused
transformation of Rauscher-virus infected rat embryo cell cultures
(Hetrick and Kos, 1973) . It was of interest to see if Hycanthone could
activate endogenous type C virus from AKR-2B cells derived from AKR
embryos (Rowe, £t al .

) . It was found that at the doses of 0.03-0.1 yg/ml,
the AKR-2B cells treated for 24-48 hrs showed an activation and replication
of type C virus which was detected by reverse transcriptase assay and
infectivity assay on murine and heterologous cells. The virus activated
was found to be N-tropic, XC positive virus. The possibility of
activation of xenotropic and dual-tropic virus is being investigated.
In view of the carcinogenic potential of Hycanthone in mice (Bulay ejt al .

1979) , further work on the effect of Hycanthone on the oncogenic virus
expression and in vitro transformation of various cells would be of interest.

VII. Virologic and immunologic studies of established trophoblast
cultures derived from early mouse embryonic membranes and placentas. In
view of observations of the presence of type C virus particles in mammalian
placentas including primates and man, a virologic study was performed on
the early embryos of CF-1 mice cultured in vitro. These were derived
from blastocysts which developed in vitro to the early somite stage (Dr. Hsu,
Johns Hopkins University). No infectious type C virus has been isolated.
From the disrupted embryonic membrane, a cell line that grows in suspension
in RPMI 1640 medium (supplemented with 20% fetal bovine serum and mercapto-
ethanol, 50 yM/ml) was established. Since the cells with polygonal shape
grew in aggregates, formed syncytia and giant cells, and produced a

gonadotropin-like hormone (detected by Dr. Chen, NICHD) , they are
considered to be trophoblasts. Similar cell lines were also established
from the placentas of BALB/c mice. These cells grow rapidly with the
doubling time of 18-20 hrs. These lines are not susceptible to infection
by various ecotropic and dual-tropic retroviruses, but are fully susceptible
to vesicular stomatitis virus. However, when the primary cultures of these
cells were exposed to a retrovirus (Harvey sarcoma virus in this case)

,

the subsequently established culture continued to produce the virus. The
mechanism for this difference in susceptiblity is being investigated.

The trophoblasts are also interesting immunologically, in that those

derived from BALB/c mouse showed no H2 antigen on the cell membrane by
immunofluorescence test. This fact may play a role in the maternal-fetal
relationship during pregnancy. In an attempt to grow these cells in vivo ,

the CF-1 trophoblasts were injected (2 x 10 /mouse) i.p. into various
strains of mice. Unexpectedly, about half of the injected BALB/c mice
showed within 24 hrs a hemorrhage on the face particularly in the peri-

orbital plexus area. The animals showed blindness in the affected eyes

even after recovery from the hemorrhage. The cause of this phenomenon is

still under investigation. By contrast, similarly i.p. injected CF-1 mice
showed no such hemorrhage and remained normal. It is of particular interest

that about half of CF-1 mice injected subcutaneously with CF-1 trophoblast
showed a s.c. tumor 2 months later. Attempts are being made to examine and
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transplant this tiamor so that a murine model of choriocarcinoma may be
established for study of immunologic aspects of trophoblastic diseases.
Since CF-1 mice are non-inbred, similar studies are being made with inbred
BALB/c mice, in an effort to investigate antigenic modulation of tiunor-

associated antigens and expression of histocompatibility and differentiation
antigens.

Publications :

Chang, K.S.S.: Immune reactivity of RBL-3, a nonproducer leukemia induced
by Rauscher murine leukemia virus in C57BL/6 mice. J. Natl. Cancer Inst .

61:107-112, 1978.

Log, T. , Chang, K.S.S. and Sarma, P.S.: Production of antibodies against
feline leukemia and sarcoma viruses and the feline oncovirus associated cell
membrane antigen in strain 2 guinea pigs. Virology 89:300-305, 1978.

Chang, K.S.S. , and Liu, W.T. : Expression of tumor associated antigens
by a producer and a non-producer leukemia induced by Rauscher virus
(R-MuLV). Cell. Immunol . 42:373-383, 1979.

Log, T. , and Chang, K.S.S.: Enzyme immunoassay for feline oncornavirus-
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I. Introduction

Our program relies heavily on continuous, skillful technical assistance.
Progress was substantially slowed in FY 79 by the loss, through resignation,
of our chief research technician, Ann Rahe. A "freeze" on hiring prevented
our bringing on a new technician, Mr. John Vere, until June, and necessary
training will further impede our ability to reach program goals well into
FY 80. The anticipated departure of Dr. Ching Ho in Nov., 1979 will bring
the program in mitochondrial genetics substantially to a standstill until
a replacement can be found. The arrival of Dr. C. Nelson Sinback promises
to bring renewed vigor in the area of development of a microinjection assay
for cellular regulators affecting differentiated functions and malignancy in
normal and tumor cells from rat thyroid. As Mr. Vere becomes experienced in
our work we should be able to resume our exciting work on thyroid tumor
suppression and possible reregulation by cybridization.

II. Molecular Genetics of mt-DNA

In collaboration with Dr. Ching Ho, during the past year significant
progress has been made in the area of our work. We have established the
concordant segregation of chloramphenicol resistance (CAP-r) and a particular,
marked mitochondrial DNA (mt-DNA) in cybrid combinations of different mouse
subspecies. This work establishes for the first time that the CAP-r phenotype
depends on the presence of a particular mt-DNA molecule and must, therefore,
be encoded in that molecule. Furthermore, as a "spin off" from this work we
have established the first heterospecif ic cybrid cell strain containing the

nuclear genes of one species (an L cell, Mus . musculus ) and the cytoplasm
from the cells from another, closely related, but distinct species (a mutant,
CAP-r, cell line from Mus. caroli ) . Such a cell line is more than just a

laboratory curiosity — it may well prove the material needed to solve a much
studied and difficult problem in mammalian cell biology: what polypeptides
does the mt-DNA code for? It should now prove possible to compare the

mitochondrial proteins of this cybrid wittj those of the two parental species
and using O'Farrell gels and other well established procedures, to discern
which species' mitochondrial proteins are encoded by the mt-DNA. We
anticipate that this and other work initiated in our laboratory will form

the basis for Dr. Ho's first independent grant proposals.

Meanwhile, other implications of this finding should aid us in our

attempts to transfer CAP-r mitochondria and CAP-r mt-DNA to CAP-s cells by

transformation (direct application of purified CAP-r mt-DNA) and by micro-
injection (work which is the expected outcome of our collaboration with Dr.

Elaine Diacumakos, The Rockefeller Univ., N.Y.). These new heterospecif ic

cybrids, LA9(MCH-C18) , offer improved ease of detection of the exogenous

Mus caroli, CAP-r mt-DNA and the further advantage of the complete substi-

tution of the caroli mt-DNA into the L cell. The unanticipated compatibility
between L cell (musculus ) nuclear genes and the MCH, (caroli ) mitochondrial

genes is the secret of this and yet another application. In collaboration
with Dr. Beatrice Mintz (The Institute for Cancer Research, Fox Chase,
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Philadelphia, PA) we are attempting to produce cybrids between musculus
teratocarcinomas and caroli CAP-r mitochondria from MCH-C18 . Such cybrids
would, we expect, substitute caroli mt-DNA for their own. In future
experiments such a cell line would be introduced into mouse blastocysts
and would then be expected to participate harmoniously in the embryogeny
of a mosaic (allophenic) mouse possessing easily detectable M_^ caroli
mitochondrial DNA in many of its tissues. This would extend the work
which I suggested to Mintz and her colleagues, and which they have already
published, that establishes that such cybrids may participate (as do the
parental teratocarcinomas) in normal development. The advantage of this
design (with M^ caroli ) is that the new mt-DNA could be detected in the
tissues of the adult mouse, and ultimately would be further proof of the
cytoplasmic inheritance of mt-DNA.

III. Regulatory Biology

A major interest of our unit has for the past two years been the use of
combinations between the cytoplasm of one sort of cell with a whole cell of
a distinct kind. We have been examining such "cybrid" combinations
between cytoplasts from nontumorigenic cells and tumorigenic cells and
between cytoplasts of differentiated cells and nondif f erentiated cells. In
the past year we have completed a relatively large series of combinations
between a rat thyroid tumor cell line (FRA) and a non-tumorigenic cell
line derived from normal rat thyroids (FRT) . The cybrids are prepared
using cytochalsin B with CAP-r nontumorigenic cells and fusing the
resulting cytoplasts with 6-thioguanine resistane CAP-s, tumorigenic whole
cells. The cybrids are thus fully selected by growth in CAP/6TG medium.
They are grown up, samples are frozen for reference, and the bulk of the
population is tested for tumorigenicity by injection of 2-5 x 10 cells
into nude mice. If no tumor forms, the age at death of the mouse is

recorded. The time required for a 1 cc tumor to appear is calculated from
regression analysis applied to periodic measurements of tumor diameters.
The results are compared between cybrids and the parental cell strains —
see tables below.

These results are encouraging and indicate that we see the same sort

of suppression of tumorigenicity in cybrids that were reported by Howell
and Sager (PNAS, May, 1978). In some cases, FRA (FRT)A3,- .A4, B-3 and all
of BRL4C3A1(BRL3C4CAP) , we have seen apparently stable reregulation of the

tumorigenic phenotype. In other cases, FRA(FRT)A1, A2, A6, Bl, B2, we
find suppression of tumorigenicity as evidenced by longer latency. In

still other cases, FRAT(FRT)C1, C3, 4, etc., we see no effect of the

cybridization on tumorigenicity. Observations on the chromosome number
of these cybrids have shown a striking correlation between extreme
heteroploidy and rapid tumorigenicity. In other words, the higher the

modal chromosome number and the broader the distribution about the mean,

the greater the tumorigenicity, the shorter the latent period and presumably,

therefore, the less stable was reregulation (if any) by cybrid fusion.
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This finding fits the published observations well and unites the two

disparate reports currently in the literature. Howell and Sager (PNAS

75 : 2358, 1978) used diploid Chinese hamster cells and found impressive
evidence of suppression (9/11 cybrids tested showed no tumors at all in

their tests), whereas, Ziegler (Somatic Cell Genetics 4^: 477, 1978)
used heteroploid cells and found no suppression. We are planning to

extend our studies to a nearly diploid rat thyroid tumor cell line (1-5G61)
that we have recently succeeded in making 6TG resistant, in hopes of

developing an even more convincing test system for our assay.

IV. Culture of Differentiated Cells

The exciting results obtained three years ago with Dr. Saverio
Ambesi-Impiombato (Naples, Italy), are finally ready for publication. We
have been delayed by our inability to repeat early observations on
hormone dependence of the Fisher rat thyroid cells (FRTL) . GHL (glycyl-
histidyl-lysine) and hydrocortisone are apparently not required for growth
of the FRTL cells at low density (3 x 10 /lOO mm plate) and in the presence
of 0.2-0.5% calf serum. The other four hormones, TSH, insulin, transferrin
and somatostatin do appear to be required.

These normal, highly differentiated cells now serve as the basic
material for a large part of our work. Dr. Sinback will be studying the

electrophysiology of the hormone-dependent secretory responses of these

cells. Transformants of these normal cells have been made in collaboration
with Dr. William Topp, Cold Spring Harbor Labs, L.I., N.Y., using wild-type

and small t^ mutants of SV40. Ms. Parks is contrasting the hormone require-
ments of the normal cells and both types of transformants. Dr. R.P.

Magnusson (NIAID) , is examining thyroglobulin synthesis, thyroxin production
and iodine concentration in the same normal and transformed cell lines.

Some interesting results have emerged already: 1) the hormone dependency

of transformed cells (only two lines examined thus far) appear to be the

same as for the normal cells. This is somewhat surprising because one

consequence of SV40 transformation is usually a change to a much lower serijm

requirement: cells get the hormones that they require for growth from the

serum supplement in usual culture media. 2) Dr. Magnusson has confirmed

our earlier finding that FRTL cells concentrate I 100-fold over the

concentration in the medium. And interestingly, he finds' that wild type

SV40 transformants concentrate I 10-fold while the small _t mutant SV40

transformants (884) concentrate it as well as the normal FRTL cells (3

strains of each type have been examined so far) . Our chromosome counts of

these cells show that wild type SV40 are grossly heteroploid soon after

transformation, whereas the 884 small t_ mutant transformants are frequently

diploid with only a slight excess over normal cells (10% vs. 2%) of

balanced tetraploids. Both types of transformants grow much faster than

the FRTL strain (population doubling time - PDT - is 5-7 days) ; wild type

SV40 transformants have a PDT of less than 24 hours and the small _t

transformants have a PDT of 24-36 hours.
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The small _t mutants assume a special interest for us now. It is
frequently desired to produce transformed cell strains that retain the
desirable combination of the differentiated functions of the normal cells
but the rapid growth characteristics of transformants . The small _t

mutants appear to be an unexpectedly well suited form of the SV4G virus
for such applications. We are anxious to try the strains which are both
small _t and _ts large T_ double mutants. Transformants obtained from this
virus should grow as small _t transformants at low temperature (SS-SS^C) but
at the restrictive, high temperatures (40°C) they should behave like
untransformed cells because of the temperature sensitivity of the large T^

product. We intend to explore this system using our differentiated rat
thyroid cells as well as epithelial cells from rabbit uterus that are
believed to synthesize clotting factor XIII. This latter work is being
undertaken in collaboration with Dr. Jules Gladner (NIAMD)

.

V. Future Work

In the coming year we expect to do most of those things that were
planned for this year and not done. Specif icially, we plan to:

1) Continue work on cloning various mouse mitochondrial DNAs in
plasmid vectors in collaboration with Peter Kretschmer and W. French
Anderson (NHLBI)

.

2) Continue suppression of malignancy experiments with 1-5G61, a

6TG-resistant rat thyroid tumor producing cell line that is nearly diploid.

3) Continue our collaboration with Dr. Elaine Diacumakos micro-
injecting M^ caroli CAP-r mt-DNA and mitochondria into L cells (by

analogy with the LA9(MCH-C18) cybrids)

.

4) Try the experiment of injecting human mt-DNA into nuclei of

mouse cells to study episomal replication' of mt-DNA and incorporation
of the foreign genes into mouse chromosomes.

5) Microinject extracts of normal, functional thyroid cells (FRTL)

intracytoplasmically into atypical, nonfunctional rat thyroid tumor cells

(1-5G, FRA) and nonfunctional normal cells (FRT) as an assay for potential
regulatory substances.

6) Initiate new experiments designed to complement the micro-
injection studies and to get a few quick publications out on the FRTL

cells — these include studies of I„ uptake and thyroxin secretion (with

Dr. Magnusson) and an examination or electrophysiological parameters
during hormone dependent synthesis and secretion of thyroglobulin (with

Dr. Sinback)

.

7) Further explore the use of SV40 small _t mutants in the trans-
formation of specialized functions, e.g., uterine epithelial cells (with

Dr . Gladner) and neurons

.
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Project Description:

A. Immunoglobulin Structure and Diversity

One of the major ongoing projects in this laboratory, for the past
several years, has been the study of the structure and diversity of antibody
molecules. Groups of antigen binding myeloma proteins have been selected
for analysis of primary amino acid sequence and, where possible, three
dimensional structure.

I. Antibody Diversity

The mechanism by which a vast array of antibody specificities can be
exhibited by a single individual has long been a subject of considerable
controversy. We have previously determined the primary amino acid sequences
of groups of myeloma proteins with binding specificity for chemically
defined haptens, such as phosphorylcholine, g(l-6) galactan and 6(2-1)
fructan. Studies on the naturally occurring counterparts to these myeloma
proteins strongly suggest a high degree of similarity, if not complete
identity. These results indicate that many of the myeloma proteins which
we have analyzed represent the products of germ line genes. Furthermore,
analysis of the primary sequences of functionally related proteins has
suggested that multiple germ line genes may be required to code for
antibodies which are closely related in structure. The sre data, along with
similar findings from other labs, and more recently DNA chemistry studies,
now strongly point to the existence of a large number of germ line genes
which code for antibody molecules. The total number of germ line genes
and their organization and expression are questions which remain to be
explored.

a) Mouse kappa chains can readily be divided into subgroups or
isotypes based on amino acid sequence differences occurring in the amino
terminal portion of the light chain. Since each isotype would presumably
be coded for by at least one germ line gene, the total number of isotypes
should indicate the minimum number of germ line genes required to code
for kappa V regions. In fact, studies at both the protein structure as
well as DNA level indicate that, for one isotype which has been studied
in detail, 5-10 germ line genes are present to code for the related
members of this isotype. Therefore, the number of isotypes will clearly
be a minimal estimate of the number of V region genes. Furthermore, DNA
probes prepared against one isotype group do not react with genes coding
for other isotype groups. Additional isotype groups must be identified
by protein sequence analysis before DNA probes can be prepared to analyze
the complexity of the given isotype. We are attempting to assess the

number of V region isotypes by an analysis of kappa chain amino terminal

sequences. Thirty—two isotypes have previously been identified based on

available sequence data. We have recently analyzed an additional 17 amino

terminal sequences and have identified six new isotypes. This large

number of new isotypes suggests that, in a plot of number of isotypes

versus number of sequences done, we have not reached a plateau which will
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permit a theoretical calculation of the number of kappa isotypes. As
the number of kappa isotypes increases the number of germ line genes
coding for these molecules correspondingly increases lending more support
to a large pool of germ line genes being the basis for antibody diversity.

b) Previous data from both protein sequence and nucleic acid
hybridization studies have indicated that immunoglobulin chains are coded
for by two genes. One gene (V gene) codes for the variable portion of

the chain and a second (C gene) codes for the constant portion. In a study
of the kappa light chains from four 3(1-6) galactan binding myeloma
proteins we have found evidence for a third structural gene being involved
in the expression of immunoglobulin light chains. Four kappa chains from
proteins with this binding specificity have extremely similar sequences
from the amino terminus through the third complementarity determining
region (CDR-3) . Following CDR-3 a number of amino acid interchanges are
found in the four proteins. In two of the proteins the positions at which
changes occur are identical. The remaining two have characteristic
differences distinguishing them from each other as well as the first pair
and these same sequences can be found in other myeloma proteins previously
sequenced. The finding of identical sequences in other chains suggests
that these structures are coded for by germ line genes and that different
germ line genes coding for this segment of the molecule have recombined
with one or several very similar V genes. DNA studies from other
laboratories have identified a 40 nucleotide segment coding for this
portion of the molecule which has been termed "J segment". Thus, three
structural genes and their corresponding products have now been identified
in the assembled kappa chain.

We have now completed the sequence determination of the heavy chain
variable regions from these same four proteins. Two of the proteins are

identical to position 100 which is located in the third complementarity
determining region (CDR-3) . The remaining two differ at a total of 8

positions over the first 100 amino acids ^nd all of the differences can be

explained by single base mutations at the DNA level. VJhen an assessment

is made of the protein segment following CDR-3, which has been termed

"J segment", a completely different pattern of variation is observed. The

J segments from the four proteins can be divided into two sets. Members

of each set share a series of linked amino acids not found in-members of

the alternative set. The two proteins identical to position 100 have J

segments from the two different sets suggesting that recombination has

occurred between V and J genes. An examination of the CDR-3 sequences

from the four heavy chains reveals substitutions at positions 100 and 105.

Gly is found at 100 in two of the proteins and His in the remaining two.

In the two proteins with Gly-100 the following J sequence is limited to

one of the two sets of J segments defined by linked amino acids.

Similarly, the two heavy chains with His-100 have J segments from the

second set. Thus, at the protein level an apparent association is seen

between CDR-3 and J segment. If CDR-3 should be found linked to J

segment at the DNA level, a new mechanism would be introduced for

increasing antibody diversity by recombining various CDR-3 + J genes with
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genes coding for the remainder of the variable region. Alternatively,
if CDR-3 were coded for by the V gene, then the recombination of V with J
may provide an opportunity to introduce mutations in CDR-3. In this case
the linkage of amino acids in CDR-3 and the J segments would suggest that
recognition signals are employed such that certain V genes only pair with
a given J gene. We are currently analyzing an additional two galactan
binding myeloma proteins to determine if the linkages observed in the
initial four continue to hold.

c) In view of the accumulating data which suggest a large number of
germ line genes, the question of whether somatic mutational processes
operate to further significantly increase diversity remains to be answered.
One of the groups of antigen binding myeloma proteins which we have studied
in considerable detail are those with binding specificity for phosphoryl-
choline. Dr. Matthew Scharff has adapted one of these proteins to tissue
culture and derived a series of spontaneous mutants which bind phosphoryl-
choline more weakly than the parent or not at all. Revertants have also
been derived from the non-binders. These series of mutants are felt to be
a possible model for somatic mutation since the changes affecting binding
possibly result from single base mutations. We are currently analyzing a
series of these mutants to define the structural basis of the altered
hapten binding. These structural data can then be interpreted in genetic
terms as to the likely mechanisms required to generate the given mutation.
To date we have completed the heavy chain variable region from one of the
mutants and structural studies are continuing on several other of these
proteins.

d) The group of phosphorylcholine binding myeloma proteins which we
have structurally characterized were all induced in the BALB/c strain
of mouse. We have previously shown that one of these proteins is clearly
coded for by germ line genes and that a very similar naturally produced
antibody to phosphorylcholine can be found in all mouse strains tested
to date. To examine the degree of evolutionary diversity occurring within
a species, we have begun to analyze the structure of anti-phosphorylcholine
antibodies from several mouse strains which differ at the allotype locus.

To date, we have determined the amino-terminal sequence of anti-phosphoryl-
choline heavy chains from A/ J, C57BL/6J and CBA/J mice. The data indicate

the existence of two polymorphic or allelic forms of this particular V

region which are not associated with a particular allotype locus. I>niile

providing the first evidence for V region alleles in the mouse, the

data further suggest, that for these particular genes, the evolution of

allotypy occurred after V region diversification. We are currently

attempting to determine the total structural differences of the two forms

of anti-phosphorylcholine heavy chains which have been observed by

sequencing a phosphorylcholine binding myeloma protein of C57BL allotype.

This protein displays the alternate form of the heavy chain amino

terminus to that seen in the BALB/c myeloma proteins for which complete

sequences are already known.
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II. Antibody Structure

a) We have previously reported the primary amino acid sequence and three
dimensional structure of the Fab fragment from the phosphorylcholine
binding myeloma protein M603. During the past year these data has undergone
further refinement and a more detailed structure is now nearing completion.
The second three-dimensional structure currently in progress is that of the
Fab fragment from the 3(1-6) galactan binding myeloma protein, J-539 . We
have now completed the sequence analysis of both the light and heavy chains
from this protein and a low resolution X-ray diffraction map has been
determined. Studies are continuing to produce a high resolution structure
which will ultimately be compared with that of the M603 Fab.

B. Membrane Proteins

I. Swine transplantation antigens

In collaboration with Drs. Joan Lunney and David Sachs experiments
are currently underway to isolate and characterize miniature swine
transplantation antigens. Three herds of miniature swine have been
established which appear to be homozygous at the major locus controlling
transplantation antigens. This system is being developed as an organ
transplant model and potentially has several advantages over other
transplantation systems. The size of these animals makes it feasible
to obtain sufficient amounts of transplantation antigens to perform
both biological and chemical experiments which for various reasons
present great difficulties and expense in other systems.

The experimental approach taken has been similar to that used for

the isolation of human transplantation antigens. Swine g„-microglobulin,
a molecule associated with transplantation antigen was purified from

serum or urine by gel filtration, followed by ion exchange chromatography,

and in some instances a second gel filtration. g„ activity was

monitored throughout the purification in a heterologous radioimmunoassay
system. A goat was immunized with the purified g„ and the goat

antibodies specific for 6« were purified by adsorption and elution from

a column of 3„-coupled Sepharose. The purified anti-g„ antibodies were

in turn coupled to Sepharose and used in the isolation of - transplantation

antigens.

In the first preparative experiment transplantation antigens from a

single spleen were solubilized in NP-40 detergent and initially purified

on a lentil lectin column. The lentil lectin eluate was passed over the

anti-g„ affinity column and the adsorbed material was eluted at low pH.

Gel analysis of the purified material demonstrated the presence of two

bands, one corresponding to the position of the transplantation antigen

heavy chain and the second to that of 6„ microglobulin. Protein analysis

showed a yield of 15 mg of material and cytotoxicity inhibition assays

indicated a recovery of approximately 65% activity. The purified

material is currently being tested for the presence of products from more

than one loci and structural studies are beginning to determine the amino

acid sequence of these molecules. The purification procedure has been
751



ZOl CB 05553-10 LCBGY

repeated on a second haplotype with similar results. The yields of
materials from the initial purifications suggest that sufficient
quantities of material can be obtained to fully develop the appropriate
aspects of this system.

II. Thymocyte differentiation antigens

A series of differentiation antigens, designated Ly, have been
identified on thymocytes (T cells) . Certain of these markers identify
specific functional subpopulations of these cells. We are interested in
the chemical characterization of these antigens to assess the relationship
between these molecules and the various differentiation states they identify.
A series of T cell tumors have been characterized which express various
Ly antigens. We have initially attempted to in vitro label the Ly
antigens by incorporation of radioactive amino acids prior to immuno-
precipitation with specific antisera. Tnese experiments werp unsuccessful
due to a very slow turnover of Ly antigens on the tumor cell membranes.
We have, therefore, now analyzed the turnover on normal thymocytes by
first removing the Ly antigens with trypsin and then following reappearance
by use of the fluorescence activated cell sorter. These preliminary
experiments indicate that the kinetics of turnover on tumor cells is quite
different than on normal T cells and that the susceptibility of certain of

these antigens to removal by trypsin is also altered on the tumor cells.

The antisera raised to Ly antigens which are used in these experiments are
quite complex and contain specificities other than anti-Ly. We are now
trying to raise monoclonal hybridomas to the Ly antigens so that these

molecules on both normal T cells as well as tumor cells can be more
precisely studied.

III. Thymocyte receptors

Thvmocyte receptors have been shown _to possess serologic determinants
found on the immunoglobulin heavy chain variable region. Since these

receptors bind antigens, we feel (based on our studies of immunoglobulin
structure) that the molecule must be composed of more than one polypeptide
chain in order to produce a binding site specific for given antigens.

Attempts to identify the second polypeptide as classical light, chain by

the use of antisera to light chain constant regions have been unsuccessful.

One possibility is that the variable region of the light chain could be

part of the receptor and the constant region be buried in the membrane
or some other protein could substitute for the light chain constant
region. We have attempted to identify light chain variable region on T

cells with antisera made specific for the variable region. Rabbit antisera

were prepared to light chains from phosphorylcholine binding myeloma
proteins which are known to be coded for by germ line genes. These antisera

were absorbed on other myeloma proteins and shown by radioimmunoassay to

be specific for the anti-phosphorylcholine light chains. The antisera
have been employed in an in vitro proliferation assay to attempt to

inhibit proliferation of phosphorylcholine specific T cells. To datp
the data are negative and we can provide no evidence that the second poly-

peptide of the T cell receptor contains light chain variable region.
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1. Mechanisms involved in mineral oil plasmacytomagenesis -in the BALB/c

mouse is the principle problem of the laboratory. Plasmacytomagenesis appears tci

be a 2-staged process. Stage 1 involves the formation of transformed cells,

stage 2 involves the selective proliferation of these cells. Specific genes

determine susceptibility to transformation. The oil granuloma provides an

essential micro-environment for early growth of plasmacytoma cells. From crosses,

of the plasmacytomagenesis resistant DBA/2 and susceptible BALB/c multiple

congenic strains are being developed to identify resistance genes. Studies

continue to determine the role of type C viruses in initiating plasma cell trans-

formation. The specific gene product of Abelson virus is being sought. Micro-

environmental growth dependency is being studied, in millipore diffusion chamber^

where the role of specific cells and factors can be determined.

2. Immunochemical studies of myeloma proteins continue to determine: 1) th^

number of V-kappa isotype groups in the mouse; 2) to build spacefilling hypo-

thetical models of antigen binding myeloma proteins; 3) to determine the
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structural basis of idiotypes; 4) new antigen binding properties.

3. New allelic V-region genetic markers are being characterized.

Plasmacytomagenesis

1. Using the LBI-closed colony environment we have been able to perform
a number of plasmacytomagenesis experiments. There is an increase in the
yield of plasmacytomas by increasing pristane dose. Two and three 0.5 ml
injections are far more effective than a single dose. In the present
series of experiments two 0.5 ml doses have been given at various intervals.
Spacing the second dose beyond 30 days increases the yield of plasmacytomas.
A second dose given 180 days after the first gives a high incidence of

plasmacytomas with a very short latent period relative to the second dose.
This suggests an increase in the number of preplasmacytoma cells after a

single injection that can remain dormant without a proper stimulus. The
importance of the second injection of pristane for plasmacytomagenesis is

being evaluated to determine a more optimal rapid method of induction.
Studies on the effect of age at the time of the first injection have
revealed no increased susceptiblity of old female mice, suggesting
cumulative somatic mutations in B-lymphocytes are probably not a contribu-
ting factor.

In a study of suckling mice, we used males for the first time and

confirmed the findings of Hollander that males are more susceptible than
females, the minimal latent period is not decreased but the mean latent
period is decreased and the yield dramatically increased. The use of males
in studies described below will permit more rapid testing of congenics . It

may require re-evaluation of genetically resistant strains.

2. In collaboration with Dr. Arthur Anderson of USAMRIID, Fort Detrick,

a study of the microvasculature of the oil granuloma, using perfusion
techniques and electron microscopy is in progress. The oil granuloma has a

highly developed vasculature with unusual characteristics. Many of the

granulomatous lesions are pedunculated bodies that form from the mesentery.

These studies should provide insight into the routes of entry of B-lympho-
cytes into the oil granuloma, and hopefully shed further light on the

histogenesis of the plasmacytoma.

3. Karyotypic analysis of plasmacytomas . In collaboration with
Dr. G. Klein of the Karolinska Institute, a karyotypic analysis of primary
and early transfer generation plasmacytomas has been carried out using

G-banding to identify specific chromosomes. Among 7 tumors analyzed

several characteristic translocations have been identified: T6;15, T12;15,

missing 15. Chromosomes 6 and 12 have been suggested by Hengartner et al.,

as possible locations of the kappa and heavy chain loci respectively.

One of the tumors already analyzed by Dr. Klein produced a lambda type

protein. The karyotype of this tumor had a T2;X. We identified and sent

4 primary or early transfer generation lambda chain producers to Dr. Klein
to determine if a characteristic translocation was associated with the

differentiation of the lambda light chain.

755



ZOl CB 05596-10 LCBGY

These remarkable changes could be related to the DNA translocation
process, or as Dr. Klein's group believes, may be associated with neoplastic
transformation in B-lymphocytes (plasma cells)

.

4. Identification of genes confer ing susceptibility to mineral oil
plasmacytomagenesis in BALB/c mice. Most inbred strains of mice are not
susceptible to peritoneal plasmacytomagenesis. The remarkable susceptibility
of strains BALB/c and NZB suggests specific genes are involved. Fl hybrids
of BALB/c and the resistant DBA/2 strains are resistant to plasmacytoma-
genesis suggesting resistance genes are dominant. We are attempting to

identify resistance (R) genes in DBA/ 2 by backcrossing a number of DNA/

2

loci onto the BALB/c genotype, to produce BALB/c congenics carrying R genes.
We are breeding or currently raising test progeny from N6 for: Idh-1 (Chr 1)

Fr-1 (Chr 4); Pgm-1 (Chr 5); C (Chr 7); Es-3 (Chr-11) ; IgC^ (Chr ?) ; a (Chr
7). In addition the following loci are being backcrossed: a(Chr 2);
Hcl (Chr 2) ; d (Chr 9) . In addition 18 lines have been backcrossed to N6
without any known selection. From these inbred strains are being derived.
New genes will be introduced as soon as assays are developed M-locus;
Oa2 (Chr 17); Ly-1 (Chr 19); Lys 2 (Chr 6).

A survey of BALB/c sublines for susceptiblity has been underway for
several years. BALB/JAX which has been separated from BALB/c An for over
40 years, has proven to be resistant. Fifty five mice purchased from the
Jackson Laboratories failed to develop plasmacytomas 12 months after the
first injection of pristane. In order to be sure no environmental or non
specific factors were involved BALB/JAX has now been bred at the LBI colony.
BALB/JAX is a poor breeder but at last enough mice bred in the colony have
been injected with pristane. In addition (BALB/c An x BALB/JAX) Fl hybrids
are being tested. BALB/JAX could be a potential congenic R-line for BALB/c
An.

The aim of this work is to identify the resistance (R) genes, as a

first step, and then to test whether the allele of the R gene is a suscepti-
bility gene by linkage association. The ultimate aim is to find the pro-
duct or the function of the susceptibility gene and show how it leads to

neoplastic change in plasma cells.

5. Abelson virus. In vivo Abelson virus transforms most readily an
undifferentiated B-lymphocyte of adult mice. Plasma cells can also be

transformed but at a much lower rate. In earlier studies we obtained plasma-
cytomas in 10 to 20% of Abelson virus infected pristane conditioned mice,
subsequently we have been less successful. This could be due to a

qualitative or quantitative change in the Abelson virus. Methods for in-
creasing the number of plasmacytomas are being sought, utilizing an in

vitro system. In studies with Michael Pawlita attempts are being made to

transform lamina propria plasma cells. Two approaches are to be pursued.
First, cells from various sources, e.g., Peyer's patches lamina propria
mesenteric lymph node will be injected ±n_ vitro for 2 to 5 days and
inoculated into pristane-conditioned mice, using Ig-congenic recipient
donors, e.g., CB20 and BALB/c, the origin of resulting plasmacytomas can
be determined by allotyping the myeloma protein product. Second, cells
will be transformed in vitro, and then clones will be cultivated on feeder
layers to determine the presence of Ig-secreting cell types by using
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sensitive detecting systems.

A second general problem with Abelson virus is the biochemical
characterization of the Abelson virus product. Recently Risser, Stockert
and Old have identified a characteristic cell surface antigen associated
with Abelson- transformation cytosols and plasma membranes of plasmacytomas,
and B-lymphocytic neoplasms of BALB/c origin induced by Abelson virus and
pristane, or by pristane alone are being characterized by two dimensional
isoelectric focusing and acrylamide gel electrophoresis for differences.
If found, each of these components will be isolated and further examined
antigenically. If successful, further chemical characterization will be
attempted, including amino acid sequencing.

6. Oil granuloma-growth promotion . The peritoneal oil granuloma
provides an essential microenvironment for the growth of primary (early)
plasmacytomas. This phenomenon resembles the growth dependency of certain
endocrine tumors, e.g., estrogen dependent interstitial cell tumors of the
testis. Attempts are being made to identify the factors involved in growth
dependency. Three factors are being investigated: 1) cell-cell contacts
(oil laden macrophage-plasmacytoma cell) 2) short range diffusable factors
emanating from inflammatory cells in the peritoneum, i.e., macrophages,
3) abrogation of an immunological-surveillance mechanism.

In studies with Mr. R. Nordan primary plasmacytoma cells (PCT-C) have
been propagated in millipore diffusion chambers (MDC) . Thus far, PCT-C
have not been separated from inflammatory cells, but this method will permit
determining if cell contacts or diffusable substances are essential.
Separation of primary PCT-C from inflammatory cells in the oil stimulated
peritoneum is the primary technical problem currently addressed. Macro-
phages (the principle cell type) however, can probably be removed by
flotation and adherence methods. The contribution of diffusable factors
coming from the peritoneum can be controlled by treating MDC bearing mice
with hydrocortisone. Experiments are currently in progress. Morphological
study of cells inside MDC has shown the PCT cells form clusters with
macrophages.

We are currently testing the effects of delayed oil (pristane)

conditioning on plasmacytoma growth, i.e., pristane is given 5, 10, 15,

20 days after the injection of PCT-C's. If primary PCT-C- can- be recovered
as long as 10-20 days after transplantation, a method for studying dormant
tumor cells may be available. Further, if primary PCT-C can survive in

the normal peritoneum, a normal surveillance or immune eliminating

mechanism can be relegated to play a minor role.

nu/nu BALB/c mice resembled BALB/c in conditioning experiments.

The absence of T-lymphocytes did not permit primary PCT-C to grow in intact

nu/nu. These results suggest T-lymphocytes play a minor or negligible
role in pristane conditioning.

Immunochemistry and genetics of immunoglobulins

1. Vk-iso types . The Vk structures produced in the BALB/c mouse have

a diversity of structures in the first framework region of the chain
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(positions 1 to 23) . Amino acid sequence analysis of this segment can
potentially provide data on the number of Vk-genes in the BALB/c genome.
Seventeen new Vk-partial sequences have been completed by S. Rudikoff.
We have sent these sequences to Dr. E. Haber, Massachusetts General
Hospital who is analyzing them for relatedness and the construction of
dendrogram based on the number of nucleotide differences. It is anticipated
this dendrogram will provide a basis for predicting the total ntmiber of
BALB/c-k genes.

In collaboration with Dr. D.J. McKean, Mayo Medical School, new
BALB/c Vk-21 proteins are being sequenced.

2. Structure of galactan binding myeloma proteins. Complete V-region
structures of four galactan binding myeloma proteins have been determined.
Some progress has been made by Dr. D.R. Davies and his group in solving
the structure of one of these J539. H3rpothetical model building offers
new approaches to determining 3 dimensional structures. Models are
made by modifying segments of V-regions utilizing when possible known
secondary structures. A new approach is being attempted in studies with
Richard Feldman using a computerized program, in which 3 dimensional
space filling models can be graphically depicted from a-carbon coordinates.
To derive a new Ig-V structure from a determined structure requires an
analysis of the amino acid side chain contacts, in the substituted molecule
Richard Feldman has worked out a computer program for this annealing
process and has analyzed J539, and found a minimal number of contacts with
all substitutions in place. We will now test the effects of deletions
and secondary structure modifications using this program. This should then
permit the display of a space filling model of J539, and the other galactan
binding myeloma proteins. Two types of interactions ^rill be studied with
these models. First, the antigen binding site for B1->6D galactan
disaccharide (in collaboration with Dr. C.P.J. Glaudemans) and second , the
binding with anti-idiotypic antibody. Using amino acid sequence data and
a hypothetical model constructed by E. Padlan and D.R. Davies the amino
acids determining individual (Idl) and cross specific (IdX) idiotypes
on X24, X44, J539 and T601 have been identified. In all but one situation
these amino acids appear to be located on both the J and V structures.
The exception is the X24 Idl that is determined by Gly 54 on the V .

This suggests closely positioned amino acids may actually form the

idiotypic site. The segment containing Gly 54 is a bend' like" loop. This
peptide is being synthesized by Dr. Bruce Erickson at Rockefeller University
and will be tested in our RIA system to determine if the contact amino
acids are located on this peptide.

2. Currently Dr. M. Pawlita is attempting to make a homogeneous
anti XRPC24 idiotypic serum using the hybridoma technique. We shall then,

hopefully obtain enough of this antibody for sequencing. If successful, we
should then have a defined protein-protein interacting system that could be

analyzed 3-dimensionally with space filling models.
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3. Protein-protein interactions are probably involved in a large
proportion of antigen-antibody interactions. A fundamental and
unanswered question concerns how much of the surface of the Ig is involved
in binding. Thus far we have only hapten-protein interactions available
for study.

4. The Vk 21 subgroup contains at least 5 distinct isotypes, i.e.,
is controlled by at least 5 structural genes. These proteins fall into
2 serogroups, identified by rabbit antisera. In collaborative studies
with M. Weigert at the ICR, Fox Chase, we are studying the distribution
of Vk-21 serogroups in different species of mice in the genus Mus.
Serogroup I is found in M. Caroli, M. Cervicolor, M. Shortridgei, M. Cookii,
and M. Musculus. Serogroup II is found only in M. Musculus.

5. We continue to try and understand the basis of strain-specific
differences in the immune responses to polysaccharides. These phenotypic
differences are linked to the IgC„ (allotype) locus. Further, they are
usually quantitative differences. A new idiotypic locus Q52 appears to

be controlled by genes associated with IgC and another locus (IgC ) is

being described. The data are nearly complete. Continued studies of the
Vk-11 marker are being carried out at the cellular level by S. Clarke
to determine if the difference in the expression of Vk-11 is due to a gene
acting at the cellular level rather than a structural gene difference. A
new marker associated with T1035 Idl al,3 Dex,Vk is being investigated.

Publications ;

Rao. D.N., Rudikoff, S., and Potter, M. : Kappa chain variable regions

from three galactau binding myeloma proteins. Biochemistry 17:5555-5559,

1978.

Makela, 0., Karjalainen, K. , and Potter, M. : Evolutionary conservation
of a gene which controls the VH regions of an anti-hapten antibody (NP)

.

Ann. Immunol . 130:215-223, 1979.

Slack, J.H., Shapiro, M. , and Potter, M. : Serum expression of a VK
structure, VF.-ll, associated with inulin antibodies controlled by gene(s)

linked to the mouse IgC complex. J. Immunol . 122:230-239,-1979.

McKean, D.J., and Potter, M. : Genetic mechanisms of antibody diversity

in BALB/c kappa variable regions. In ICN UCLA Symposia, "T and B

Lymphocytes: Recognition and Function ," New York, Academic Press, 1979.

Makela, 0., Kaartinen, M. , Karjalainen, K. , Morse, III, H.C., Weigert,
M. , and Potter, M. : A search for hap ten-binding mouse plasmacytoma
proteins. Eur. J. Immunol. 9:125-129, 1979.
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Potter, M. , Mushinski, E.B., Rudikoff, S., Glaudemans, C.P.J. , Padlan,
E.A., and Davies, D.R. : Structural and genetic basis of idiotypy in the
galactan-binding myeloma proteins. Ann. Immunol . 130:263-271, 1979.

Vrana, M. , Rudikoff, S., and Potter, M. : Structural basis of a hapten
inhibitable kappa chain idiotype. J. Immunol. In press, 1979.

Rao, D.N., Rudikoff, S., and Potter, M. : Heavy chain variable region
from a galactan binding myeloma protein. Biochemistry , submitted 1979.

Rao, D.N., Rudikoff, S., Krutzsch, H. , and Potter, M. : Structural
evidence for an independent joining region gene in immunoglobulin
heavy chains from anti-galactan myeloma proteins and its potential role
in generating diversity in complementarity determining regions. Proc .

Nat. Acad. Sci. USA In press, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of this work is to examine the chemical, biologxcal and immuno-

logical properties of histocompatibility antigens (H-2) and tumor specific trans-

plantation antigens (TSTA) . The approach is to purify the molecules expressing

these antigens and determine their properties at each stage of the purification.

These properties include: 1) ability to induce in vivo transplantation rejection

2) ability to induce an in vivo humoral response, 3) ability to react with auto-

logous and heterologous antisera, 4) chemical properties, 5) ability to interact

with lymphoid cells in vitro . The rationale for this approach is that through

purification of these antigens from a single source, one can learn the relation-

ships, if any, between the H-2 antigens and TSTA. Furthermore, any unusual

structural properties of H-2 and TSTA from tumor cells, when compared to the

structure of their counterparts from other tumors and normal cells, may shed

light on the molecular basis for the biological activity of these antigens.

Finally, when they are purified, the chemical structure of these antigens will

aid in the understanding of the organization of the genes which encode them.
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Results :

I. Purification of TSTA and H-2 from RBL-5 (Rauscher virus induced leukemia)

Tumor Cells .

The purification of H-2 from these cells using detergents has been com-

pleted. Approximately 1 mg of material could be obtained from 2.6xlO-'--'- ascites

cells and the purification was 1500 fold. The H-2 antigen was judged to be

pure by SDS-PAGE, amino acid composition, amino terminal sequence and reactivi-

ty with alloantiserum. Quantitation of both H-2 heavy chains and ^2 microglo-

bulin during purification showed that Bo™ was bound exclusively to H-2 on the

cell surface although approximately 40% of the total cellular ^2 microglobulin

was present as an unassociated monomer. No evidence was obtained that 32
microglobulin was bound to tumor antigens as reported for certain human malig-

nancies. An accurate estimate of the amount of H-2° expressed on a tumor cell

was obtained (6x10 molecules per cell) . Preliminary studies revealed that

H-2 purified in this way could be bound to artificial membranes. It is hoped

that these artificial membranes can be used as probes to examine the interac-

tion of H-2 with lymphoid cells. In this regard a collaboration with Dr.

Linda Gooding has revealed that plasma membranes can be used to stimulate allo-

genically primed cytotoxic T cells in vitro

.

The purification of TSTA from RBL-5 cells has continued. The TSTA con-

taining fractions from gel filtration were applied to L^ culinaris lectin

columns. Part of the TSTA was retained and eluted with sugar. This fraction

was then subjected to isoelectric focusing in the presence of 1% Triton. TSTA

containing fractions were obtained at an isoelectric point of 5.8 which showed

only 2 bands on SDS-PAGE with an apparent molecular weight of 50,000. Work is

in progress to determine if these visible bands are the TSTA or if undetectable

proteins are present which express the antigen.

In other studies, traces of H-2, gp70 and p30 contaminating the TSTA con-

taining fractions obtained from gel filtration of RBL-5 membranes were shown

not to be responsible for the immunogenicity of these fractions. This was

accomplished by completely removing these proteins by affinity chromatography

with immunoadsorbants without affecting the TSTA of the preparation.

II. Purification of Allen H-2 Antigens from a Methylcholanthrene. Induced

Tumor of BALB/c (H-2'^) Origin Designated C-1 .

We showed previously that the alien H-2K molecules could be identified

on C-1 tumor membranes by radioimmunoassay and that, following partial purifi-

cation, they had the properties expected of an H-2 molecule. These properties

included: 1) molecular weight of 48,000 on SDS-PAGE, 2) glycoprotein, 3) asso-

ciated 32 microglobulin. The alien antigens and normal antigens were also

shown to be expressed on separate molecules.

The following new observations have been made: 1) the H-2D molecule is

also expressed on this tumor, 2) the H-2L^ and H-2L'^ molecules may be absent

from this tumor although other antisera reactive with these molecules must be
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tested, 3) the H-2 molecules inappropriately expressed on this BALB/c tumor

are identical to normal H-2^ molecules isolated in the same way from a mixture
of C3H (H-2^) and BALB/c (E-l'^) chemically induced tumors. The expression of

alien H-2 molecules on this tumor lends credence to models for the genetic
organization of the major histocompatibility locus which propose that the

genetic information for two or more H-2 alleles is present in a given haplo-
type and that allelism is maintained by regulator genes.

In other studies, the TSTA of C-1 was examined in relation to the alien
H-2 antigen. It was found that the alien H-2'^ antigens could be separated
from the TSTA by gel filtration. Thus, although the alien antigens have been
shown by G. Parmiani to be both immunogenic and immunosensitive, they apparent-
ly do not function as the TSTA.

III. Studies on the TSTA of Tumors Induced by SV40 and Polyoma .

The TSTA of SV40 tumors has been shown by others to be expressed on the

T-antigen molecule. However, this molecule is located primarily in the nucleus

and cytoplasm. In fact, no potentially immunosensitive molecule has been iden-

tified on the membranes of SV40 tumor cells or cells infected by SV40.

In the case of the related polyoma virus, however at least two virally

coded proteins have been identified on the plasma membranes of infected and

transformed cells. Experiments have begun in this laboratory to investigate

the possibility that these proteins are the TSTA. Our approach is to examine

the immunogenicity of membranes from cells infected by wild type polyoma

(which contain the proteins) or by the host-range, transformation defective

mutant NG18 (which do not contain the proteins) . So far we have developed a

good method for isolating membranes in large quantities from these cells and

have developed an appropriate in vivo assay for polyoma TSTA. Virus stocks of

sufficient titre to perform the experiment are currently being collected.

Publications ;

Rogers, M. J., Appella, E., Pierotti, M. A., Invernizzi, G. and Parmiani, G.

:

Biochemical characterization of alien H-2 antigens expressed on a methylcho-

lanthrene induced tumor. Proc. Natl. Acad. Sci . 76 : 1415-1419, 1979.

Law, L. W. , DuBois, G. C., Rogers, M. J., Appella, E., Pierotti, M. A. and

Parmiani, G. : Tumor Rejection Activity of Antigens Isolated from the Membranes

of a Methylcholanthrene-Induced Sarcoma, C-1, Bearing Alien H-2 Antigens.

Transplantation Proceedings (in press) 1979.

Rogers, M. J., Pierotti, M. A., Parmiani, A., Appella, E.: Alien H-2 Antigens

(H-2'^) Appearing on a Methylcholanthrene Induced Tumor (H-2'^) : Biochemical

Characterization. Transplantation Proceedings (in press) 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

It is the long range purpose of this project to study the control
mechanisms important in regulating protein syii thesis in normal and
malignant cells. The organization of immunoglobulin light and heavy
chain genes and the control mechanisms active in selecting those being
transcribed and those which are expressed in protein synthesis are
being studied. cDNAs to light and heavy chain mRNAs of antigen-
binding IgA myeloma proteins have been inserted into bacterial plasmids
by recombinant DNA technology . Variable and constant region DNA
probes are being prepared from these clones for examining the DNA
of inbred and wild mice.

The structure and functioning of transfer RNA in plasmacytomas
and other tumors is being studied with particular attention to a

phenylalanyl- tRNA found only in certain mouse and rat tumors and

an asparaginyl-tRNA found in tumors and in normal livers of mice
only when the mice are bearing transplanted plasmacytomas.
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Methods Employed

:

Light and heavy chain mRNAs have been isolated from six plasmacytomas
that secrete IgA myeloma proteins that bind different T-independent
haptens. cDNAs have been synthesized, double stranded, and linked to

plasmid pBR322 in a biohazard facility using ECoRI linkers and poly
A-poly T tailing. Over one thousand clones of bacteria are being
screened for appropriate cDNA inserts by colony hybridization,
restriction mapping and filter hybridization of recombinant DNA to

previously characterized, cloned alpha and kappa DNA.

Tumor specific phenylalanyl tRNA from rat and mouse tumors have
been purified by successive chromatographic and electrophoretic procedures.
These are being studied by sequence analysis, trinucleotide binding to

ribosomes and cell-free incorporation into protein.

Major Findings :

Several bacterial clones have been identified which contain substantial
inserts of DNA from the cDNAs prepared from 3 kappa and 3 alpha chain

mRNAs

.

Heavy chain mRNA from an IgA half molecule secretor has been
isolated from poly A RNA and shown to be smaller than mRNA of other

IgA heavy chains and to code for a heavy chain in cell free synthesis

smaller than other IgA heavy chains.

Purified tumor-specific phenylalanyl-tRNAs show a major difference in

posttranscriptional methylation and Y base assembly but no difference in

coding using bacterial ribosomes. Studies with these tRNAs in protein

synthesis in rabbit reticulocyte lysates unexpectedly showed that mouse

tumor Phe-tRNA may be incorporated faster than normal Phe-tRNA or Phe-tRNA

that has had Y base hydrolyzed.

Also unexpected was the appearance of an additional species of

asparaginyl-tRNA in the morphologically normal livers of mice bearing

transplanted plasmacytomas at a distant subcutaneous site. This

particular Asn-tRNA is not seen in livers of mice without tumors,, but

has been found in certain tumors themselves.

Significance and Proposed Course:

With the DNA probes we are preparing from our collection of cloned

cDNAs we will be able to study the organization of specific kappa and alpha

chain variable region genes in BALB/c, other inbred mice that respond poorly

to the selected T-independent antigens and wild mice of different species.

The number and sequential organization of these genes will be studied by

Southern blotting of genome DNA digests and by constructing genomic

DNA libraries from inbred, hybrid and wild mouse liver and plasmacytomas.

The probes will also permit the study of DNA rearrangement during

differentiation (ontogeny) , acquisition or loss of specific antigen-

binding and idiotypic variable region genes in wild mouse strains
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(phylogeny) , and nuclear RNA processing of these gene products.

Further studies of the unusually small heavy chain mRNA for the small

alpha chain of IgA half molecules will include examination of the nuclear
RNA processing, Poly A addition to the defective 3' end of the mRNA, and

its appearance in cytoplasms using alpha chain DNA hybridization probes.

Final determination of exact structure and function of the tumor

specific Phe-tRNA in mice and rats has awaited the purification of these

tRNAs in amounts large enough to study. This purification has just been

accomplished and through the efforts of our collaborators we will soon

know whether rats and/or mice activate a new gene for this tRNA in tumors

or not.

Publications :

Mushinski, J.F., and Marini, M.S.: Tumor-associated phenylalanyl transfer

RNA found in a wide spectrum of rat and mouse tumors but absent in normal

adult, fetal and regenerating tissues. Cancer Research 39:1253-1258, 1979.

Marini, M.S., and Mushinski, J.F. : Transfer ribonucleic acids from

eleven immunoglobulin-secreting mouse plasmacytomas — constant and

variable chromatographic profiles compared with the myeloma protein

sequences. Biochem. Biophys. Acta , in press.
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1. Studies on the mechanism for the induction of in vivo - tumor immunity

:

The essential roles of macrophages on the induction of in yIiq tumor immunity

has been examined. It was found that addition of small amounts (1-10% of

responders) of exogenous macrophages can significantly augment the induction

of in vitro cell-mediated cytotoxic response to tumor associated antxgens-

ThiT'ir^ecially true in the primary response and in using lymph node cells

as responders. The in vivo experiments gave further support of the important

roles of macrophages-p^Ii7eatment of the hosts in vivo with anti macrophage

agents (carrageenan or silica) greatly reduced the ability of the induction of

cell-mediated cytotoxic response by adoptive transfer experiment, indicating

that macrophages are essential for the induction of in vivo tumor immunity.

2. Immunosuppression and reversal of immunosuppression: We have found

that the apparent lack of immunogenicity of tumor cells were probably due to

their i^mnunosuppressive nature. However, macrophages could efficiently reverse

the immunosuppressive effect of tumor cells.
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Project Description:

Objectives : 1) The mechanisms for the induction of in vivo tumor
immunity; 2) Immunosuppression by tumor cells; 3) Reversal of immuno-
suppression.

Methods Employed : Tumor cells transformed by oncogenic viruses,
chemicals or unknown agents are kept in tissue cultures or as transplanted
tumors in mice. The l25iudR release assay was used to measure the cell
mediated cytotoxic response in vitro , and the adoptive transfer experiment
was used to measure the cell-mediated cytotoxic response in vivo .

Major Findings :

I. Mechanisms for the induction of in vivo tumor immunity: The
presence of macrophages are found to be critical for the induction of
an efficient in vitro T cell-mediated cytotoxic response to tumor
associated antigens. The effect of macrophages can be replaced by humoral
factors released from these cells. There was no strict histocompatibility
requirement between this macrophage T cell collaboration. Furthermore,
pretreating the hosts in vivo with antimacrophage agents (carrageenan or
silica) reduced their ability for the induction of cytotoxic response
in adoptive transfer experiments, indicating the critical roles of
macrophages in vivo .

II. Immunosuppression by tumor cells: Ttimor cells were found to be
suppressive for the induction of T cell-mediated immunity. This may be
accounted for their apparent lack of immunogenicity both in the syngeneic
and in the allogeneic systems.

III. Reversal of immunosuppression: Since tumor cells are immuno-
suppressive in nature, it is important to find efficient ways to reverse
their immunosuppressive effect. We have found that adherent peritoneal
cells, phagocytic and nonphagocytic, have the ability to reverse the
immunosuppression of tumor cells, thus restoring the immunocompetence
of T cells.

Significance for Biomedical Research and the Programs of the National
Cancer Institute: . . ..-. ..

One of the basic issues involved in tumor immunology is the ability
of tumor cells to evoke measurable immune response. In many instances,
their apparent lack of immunogenicity is not due to the lack of appropriate
antigens, but rather their immunosuppressive nature. Therefore, it is

important to investigate the mechanisms for the immunosuppression and

finding ways to reverse the immunosuppression.

Proposed Course:

I. To continue the study on the mechanisms for the induction of.

in vivo tumor immunity. The emphasis will be on the induction of primary
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response.

II. Immunosuppression by tumor cells and the mechanism for
immunosuppression.

III. Reversal of immunosuppression by peritoneal adherent cells.

IV. Immune response in normal versus tumor bearing hosts.

Publications ;

Ting, C.C, Rodrigues, D., and Igarashi, T. : Studies of the mechanisms
for the induction of in vivo tumor immunity. III. Recruitment of host
helper cells by donor T cells in adoptive transfer of cell-mediated
immunity. J. Immunol . 122:1510-1518, 1979.

Igarashi, T. , Rodrigues, D., and Ting, C.C: Studies on the mechanisms
for the induction of in vivo tumor immunity. IV. Enhancement of the

in vitro generation of secondary cell-mediated cytotoxic response by
normal peritoneal macrophages and their culture supernatants . J. Immunol .

122:1519-1527, 1979.

769



770



ANNUAL REPORT OF THE METABOLISM BRANCH
SUMMARY OF SIGNIFICANT ACTIVITIES

NATIONAL CANCER INSTITUTE

October 1, 1978 through September 30, 1979

The clinical research program of the Metabolism Branch is directed toward
two major goals. The first is to define host factors that result in a high
incidence of neoplasia. In this area, a broad range of immunological investi-
gations are carried out in patients with malignancy, in patients with immune
deficiency diseases and a high incidence of neoplasia as well as in
experimental animal systems to determine the nature of immune processes
that are of importance in the surveillance against neoplastic cells and
to define the nature of defects in the immunological system that
result in an increased incidence of neoplasia. Major efforts in this
area are also directed toward: 1) Defining events of cellular
maturation, cellular interaction and cellular biosynthesis involved in the
normal circulating antibody response. Specific emphasis is placed on studies
of immunoregulatory cells including helper T cells, suppressor T cells and
macrophages that regulate antibody responses and on studies of disorders of

these immunoregulatory cell interactions in patients with immune dysfunction.

2) Identification of unique cell surface determinants on subpopulations of

lymphoid cells with different functional capabilities. 3) The genetic
control of the immune response especially as related to the immune response
genes associated with the major histocompatability complex. 4) Studies of

the mechanism of action of various cytotoxic cells and their contribution to

host defense. 5) Detection of circulating tumor associated antigens.

The second major goal of the Branch is to determine the physiological
and biochemical effects that a tumor produces on the metabolism of the

host. Both patients with neoplastic disease as well as those with non-

neoplastic disorders that facilitate the development of techniques
for the study of cell membranes, homeostatic mechanisms and metabolic
derrangements of biochemical control mechanisms are being investigated.
Within this area a special emphasis is laid on the biochemical events
accompanying normal growth and the hormonal control of this growth as

it relates to our understanding of malignant growth.

Immunoregulatory Cell Interactions in Immune Response • -

A major effort of the Metabolism Branch over the past few years has been
directed toward defining the major events of cellular differentiation,
cellular interaction and cellular biosynthesis involved in the specific

circulating immune response. These studies have placed special emphasis
on defining the defects of regulatory T cell and macrophage interaction
with B lymphocytes and plasma cells that occur in patients with primary
immunodeficiency diseases associated with a high incidence of malignancy,
and in patients with malignancies of the T or B lymphocyte systems.

Overall these studies were directed at defining the factors in normal
and abnormal states controlling the production of antibodies and the

systhesis of immunoglobulin molecules. Cells that ultimately produce

antibodies undergo sequential maturation from stem cells in the marrow
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to B Ijmiphocytes and then from B lymphocytes into immunoglobulin
synthesizing plasma cells. The maturation of B cells into plasma
cells is carefully regulated both positively and negatively by distinct
subpopulations of lymphoid cells. Specifically many antigens and
mitogens require the presence of both helper lymphocytes of thymic
origin (helper T cells) and macrophages as well as the B cells to
induce a full antibody response. More recently it has been recognized
that a separate class of thjnnic derived cells, suppressor T cells, may
act as negative regulators of B cell maturation inhibiting this process.
We and other have shown that suppressor T cells emerge from the thymus
as inactive prosuppressor cells that require an interaction with another
T cell (termed a suppressor inducer or activitor) in order to become
a final effector of suppression. To study these events we have
developed a series of techniques including techniques to study the

terminal differentiation of B cells into immunoglobulin synthesizing
and secreting cells, tehcniques to assess helper T cell function, and
to detect both increased and decreased functional activities of

suppressor effector T cells and their precursors and activators.
Previously we used a single basic procedure for these determinations in
which peripheral blood Ijmphocytes were cultured in vitro with pokeweed
mitogen a polyclonal activator and the IgG, IgA, and IgM sjmthesized
and secreted by these cells was quantitated using radioimmunoassay
procedures. Pokeweed mitogen is a prototype of a thymic and

macrophage dependent activator of B cells that also has the capacity
to activate some prosuppressor cells to effectors of suppression.

In the past year we have developed additional approaches to assess in
vitro immunoglobulin synthesis that involve new ways of assessing immuno-
globulin production and new polyclonal activator agents to stimulate the

B cells. A radioimmunoassay for IgE of extreme sensitivity (sensitive
to 20 picograms of IgE) has both developed and is being used to define
the pathogenesis of disordered IgE regulation in patients with allergy,
the hyper IgE syndrome and the Wiskott-Aldrich syndrome. In addition,
recently a new approach to the investigation of B cell differentiation has
been developed which permits the precise quantitation of the numbers of

lymphoid cells secreting each class of immunoglobulin. This technique,
called the reverse hemolytic plaque assay has been employed in studies
of normals and patients with a variety of immunodeficiency-, aulroimmune

and malignant disorders. Finally a direct plaque system that measures
cells producing antibodies to sheep red blood cells has been used in
conjunction with cells pulsed with Concanavalin A (a lectin that

activate suppressor cells) to detect deficiencies of the suppressor
cell system in patients with certain forms of autoimmunigy or allergy.
A second modification of the immunoglobulin biosynthesis system that

has facilitated the detection of helper T cell defects has permitted
the differentiation of prosuppressor and suppressor effector activity
has been the definition of new polyclonal activators of B cells.

These activators differ from pokeweed mitogen in terms of their requirement
for helper cells and in terms of their ability to activate suppressor
T cells. Streptolysin and staphyloccal phage lysate are thymic
dependent B cell activators. In contrast, B cells that have been
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rigorously depleted of T cells are activated to produce immuno-
globulin molecules by Nocardia water soluble mitogen and by a helper
factor secreted by T cells on pokeweed mitogen stimulation. We have
also utilized the Epstein-Barr virus as a B cell stimulatory agent.
The Epstein-Barr virus (EBV) is the etiologic agent of acute
infectious mononucleosis (IM) in man and has been closely associated
with African Burkitts Ijnnphoma, nasopharyngeal carcinoma and rare
cases of agammaglobulinemia. The virus is unique among pathogens
in that it specif icially infects cells of the immune system, the B

l3nnphocytes, and transforms these B cells into permanently growing cell
lines in culture. EBV added to normal lymphocytes placed into culture
induce the B cells to differentiate into cells actively secreting
each class of immunoglobulin. Cell separation experiments demonstrated
that EBV induced activation of B cells was totally independent of T
helper lymphocytes in contrast to pokeweed mitogen which is dependent
on T cells for its activation of B cells. However, B cell activation
by EBV is not entirely free of influence of T cells. T cells from
EBV seropositive donors, but not from seronegative donors, caused a
late acting suppression of B cell activation. This suppression
appears after 8-10 days in culture and may prevent or markedly delay
the transformation of these cultures into permanent cell lines.

Using these assay procedures we have identified patients with
disordered immunoglobulin synthesis due to a variety of mechanisms including
disorders of intrinsic B cell activity, disorders of helper T cell function,
disorders of the network of interacting T cells involved in immune suppression
as well as disorders of monocyte function. Patients with hypogaimnaglobulin-
emia with primary B cell defects that we have defined include patients
with x-linked agammaglobulinemia, patients with certain types of common
variable immunodeficiency, with selective IgA deficiency or with the

immunodeficiency characterized by elevated IgM levels and reduced IgG and
IgA levels. Over the past year we have discovered a new x-linked disorder
characterized by hypogammaglobulinemia due to an intrinsic B cell defect
associated with isolated growth hormone deficiency. In contrast to

patients with Bruton's type x-linked agammaglobulinemia these patients
have tonsils, have B cells in some cases and have the isolated growth
hormone deficiency. Patients with systemic lupus erythematosus are at
the other end of the spectrum of B cell function. These patients had
significantly increased numbers of IgG and IgA secreting cells in
their blood as assessed by the reverse plaque assay technique. The

increase in IgG secreting cells in this disorder was shown to have the

highest degree of correlation with disease activity of any laboratory test

for SLE including anti-DNA antibodies. The basic immunological defect in

SLE may be intrinsic hyperactivity of B cells or the depression of

suppressor T cells discussed below.
I

i

A second area of interest Has been in helper T cell activity in animal
models and in patients with disorders of immunity. At a basic immunologic '

level we continued to study the nature and function of class specific regulatory
T cells, particularly those regulating IgA synthesis. We showed that polj^

clonal IgA synthesis, induced by lipopolysaccharide (LPS) is a T cell
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dependent process whereas LPS induced IgM synthesis can occur in the

absence of T cells. The role of T cells in LPS-induced IgA synthesis has
not simply a non-specific "feeder" role since T cells obtained from LPS-
unresponsive mice (C3H/HeJ) cannot facilitate IgA synthesis. The

absolute requirement for T cells in IgA synthesis provides a measure of

control over IgA antibody synthesis in the gastrointestinal tract which
does not exist for the IgM immunoglobulin class and increases the

the importance of T cell regulatory influences on IgA production.
In clinical studies deficincy of helper T cells was observed in

patients with severe combined immunodeficiency disease, a patient with

common variable hypogammaglobulinemia and in patients with ataxia-

telangiectasia. An extreme defect in helper T cells was shown to be

the cause of the hypogammaglobulinemia in the form of severe combined

immunodeficiency characterized by an absence of circulating T cells
but normal numbers of B cells. The B cells of these patients could
not synthesize immunoglobulin molecules when cultured with pokeweed

mitogen in vitro but synthesized immunoglobulin normally when normal

T cells were added to the culture system. The primary defect in such

patients might be a defect of T stem cells or to a failure of thjrmus

function leading to a failure in the maturation of such stem cells

into functional T cells. A similar pattern of hypogammaglobulinemia

with normal B cell function has been identified in a patient with common

variable hypogammaglobulinemia who has a T cell defect limited to

the helper T cell series. Defects of helper T cell activity were also

present in most patients with ataxia-telangiectasia. Patients with

ataxia-telangiectasia manifest cerebellar ataxia, occulocutaneous
telangiectasia, elevated alpha-fetoprotein levels, a defect of DNA

repair following irradiation, a high incidence of neoplastic disease and

a variable immunodeficiency state. The majority of patients have a

small embryonic appearing thymus, have defects in cell-mediated
immunity and markedly diminished levels of IgA and IgE. Two factors

were shown to contribute to the low rates of IgA synthesis. The

patients had an intrinsic defect of their IgA producing B cells and

had a reduction of helper T cell activity'. The patients' helper T cells

did not cooperate normally with normal B cells for immunoglobulin

synthesis in the pokeweed mitogen stimulated immunoglobulin system.

The technique for assessing helper T cell activity were applied to

homogenous populations of T cells from patients with T cell leukemias.

One of 20 acute T cell leukemias and seven of 12 patients with Sezary

T cell leukemias retained the capacity to help aormal B cells in pokeweed

mitogen stimulated cultures. It is of interest that these patients had

high IgA and IgE levels and in eight cases the Sezary cell leukemia has

been associated with a circulating monoclonal immunoglobulin.

Over the past year we have utilized two approaches to define deficiency

of suppressor T cell activity. In one approach pokeweed mitogen induced

immunoglobulin synthesis is studied for a patient at varing T to B

cell ratios using T and B cell populations isolated from the patient's

blood. In normal individuals suppression is observed at T:B ratios of

9:1 or higher. In the other system, cells to be assayed for prosuppressor

T cells are cultured for 48 hours with Concanavalin A and then cocultured
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with normal cells stimulated with pokeweed mitogen. Cells from normal indivi-
duals pulsed with Concanavalin A inhibit the immunoglobulin synthesis of
co-cultured cells by a factor of over 90%. Deficient suppressor activity
was observed with the cells of patients with systemic lupus erythematosus,
the leukemic cells of patients with the Sezary syndrome and cells of patients
with primary biliary cirrhosis. Patients with the latter syndrome had normal
helper T cell function but diminished suppressor T cell activity in autologous
cultures. The defect in suppression in primary billiary cirrhosis appears
to be unique to this liver disease in that a similar disorder is not
found in patients with other liver disorders. In addition it occurs
in patients with all degrees of disease severity. It is, therefore,
possible that the defect is an important component in the pathophysiology
of this disease.

We have demonstrated excessive suppressor T cell activity in the neonate
and in association with a variety of immunodeficiency states including
infectious mononucleosis, one form of T cell leukemia, a subset of
patients with common variable hypogammaglobulinemia, thymoma and
hypogammaglobulinemia and some patients with selective IgA deficiency.
The human neonate has been repeatedly shown to have deficient immune
responses. We studied cord blood lymphocyte responses ±n vitro to
determine the competence of B cells, monocytes and helper and suppressor
T lymphocytes in the human newborn. Cord blood lymphocytes responded to
stimulation with Epstein-Barr virus with normal IgM production J^ vitro

,

but showed no IgG or IgA synthesis. By contrast pokeweed mitogen stimulated
cultures produced no immunoglobulin of any class. Co-culture mixtures of

cord blood lymphocytes and adult Ijnnphocytes stimulated with pokeweed mitogen
also demonstrated failure of immunoglobulin production indicating that cord
blood cells contain a pokeweed mitogen inducible suppressor T cell not
normally observed in adults. Although purified cord blood B cells produced
only IgM in culture, cord blood T cells, treated with 2000 Rads to eliminate
the suppressor T cell activity, were able to provide helper activity to

adult B cells for production of IgG, IgA, as well as IgM. Thus, these
studies have demonstrated two abnormalities in the function of lymphoid
cells from the human neonate, excessive T suppressor cell precursors and

B lymphocyte response restricted to IgM production.

Excessive numbers of activated suppressor T cells were found in patients
with acute infectious mononucleosis. During the first week of infection,
markedly elevated numbers of immunoglobulin secreting cells were found in the

blood of the patients associated with acutely elevated serimi immunoglobulin
levels. Then, profound suppressor T cell activity appeared in the blood
of these patients. These suppressor T cells are intensely inhibitory to

B cell immunoglobulin synthesis stimulated by both Epstein-Barr virus

and pokeweed mitogen. Following the appearance of these suppressor T cells,
the number of immunoglobulin secreting cells in the blood of infectious

mononucleosis patients falls to very low levels, returning to normal
only after the suppressor T cell actively has disappeared associated with
clinical recovery. In this disease, suppressor T cells appear to serve a

unique role in host defense by inhibiting the proliferation and activation
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of the target cell of the virus and thereby limiting virus propagation.
In rare patients the suppressor cells persist and the patients develop
life long hypogammaglobulinemia.

Studies on T cell leukemia with retained suppressor activity have been
continued in order to address one of the most critical issues concerning
the capacity of T cells to regulate human immunoglobulin synthesis , that is

whether suppressor cell activity is generated by a single population of

T cells acting alone of whether suppressor cell generation requires
interaction between different populations of T cells neither of which
has the capacity to affect suppression alone. The proof of such T-T
interaction requires clear identification and separation of the two classes
of cells involved.

.
In human systems, this has been exceedingly difficult

until now. We have taken advantage of an unusual patient with acute
lymphoblastic leukemia and hypogammaglobulinemia prior to therapy to

address this issue. In our studies we learned that the neoplastic T

cells from this patient functioned as pro-suppressor cells. We
observed that the patient's leukemic T-cells produced no detectable
immunoglobulin and depressed the immunoglobulin production of co-
cultured normal unseparated lymphocytes by 85-100% in the presence of

pokeweed mitogen. However, suppression was observed only when cooperating
normal T cells and pokeweed mitogen were present. Prior irradiation of

either the leukemic cells of the cooperating normal cells nulified the
suppressor effect. We, thus, were able to conclude that an interaction
between at least two different T cell subsets is required for the generation
of so-called suppressor-effector T cells in man. We extended these studies
by analyzing whether normal T cells could secrete a soluble factor which
could activate the leukemic cells under discussion to become suppressor
effector cells. We learned that normal T cells when stimulated with
pokeweed mitogen secrete a factor (or a series of factors) which may
activate the leukemic cells to become direct suppressors without the further
need of cooperating T cells in a pokeweed mitogen driven system of

immunoglobulin production. In a Nocardia ,water-soluble mitogen-driven
system of immunoglobulin production (known to be relatively T-independent)

,

it was learned that both pokeweed mitogen and these leukemic cells were
required for suppressor effects. These studies enabled us to construct a

model for the induction of human suppressor effector cells. In this
model, pro-suppressor T cells must interact with a different activating
set of T cells before becoming fully functional suppressor T cells. To
our knowledge, these studies represent the first proof of cooperative
interaction between neoplastic and normal T cells in the generation of

immunoregulatory effector T cells. We have raised antibodies against the

leukemic T cells which react with suppressor but not with helper T cells.

Patients with common variable hypogammaglobulinemia represent a complex
group of disorders with different fundamental defects. Many have

intrinsic B cell defects, a few have a deficiency of helper T cells
and a few have a circulating factor that inhibits B cell function.
A subgroup of patients have excessive suppressor cell activity.
Synthesis of immunoglobulins by normal cells was suppressed by over
50% when cocultured with equal numbers of peripheral blood lymphocytes
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from 44% of patients with common variable immunodeficiency and by over
80% when incubated with the lymphocytes of 18% of the patients. The
T cells from the patients with suppressor cells were shown to function
as suppressors. In some cases suppressor monocytes were also present.
In some cases suppression was only observed when pokeweed mitogen was
used as the polyclonal activator, whereas in other other cases, the cells
of the patient suppressed when any polyclonal activator was utilized.
The suppressors cells in the former case were steroid and irradiation
sensitive and appear to be prosuppressors that require pokeweed mitogen
for their activation. The suppressor cells that suppress in non-pokeweed
mitogen stimulated cultures and that are corticosteroid resistant appear
to be ^n vivo activated suppressor effector cells. In the one patient
studied extensively the target of the suppressor cell was shown to be
the B cell rather than the helper T cell which is the target of most antigen
specific suppressor systems. The most critical question concerning the role
of the suppressor T cells in the pathogenesis of the hypogammaglobulinemia
has been addressed by isolating the patients' B cells free of the patients
T cells and detennlniag their capacity to synthesize immunoglobulin molecules
in vitro . In some but not all cases we demonstrated that patient B cells
freed of suppressor T cells could synthesize iramunoglobulin molecules
supporting the view that the suppressor T cells played a pathogenic role
in the hypogammaglobulinemia,

A modification of the immunoglobulin biosynthesis procedure has been dev^eloped

to assess the ability of macrophages to act as one of the helper eels required
for B cell maturation and to detect activation of monocytes into cells that
inhibit immunoglobulin synthesis. Optimal iraniunoglobulin synthesis induced
by pokeweed mitogen, staphage lysate and streptolysin were dependent on the
presence of macrophages. If excessive numbers of normal macrophages (i.e.,

over 50% of the cells in the culture system) profound suppression was observed.
T cells were not involved in this suppression as participants or targets.
The suppression does not act via cytotoxicity. Thus it appears that normal
macrophages can be activated to inhibit B cell maturation and immunoglobulin
synthesis. Patients with multiple myeloma have a disorder of the monocyte
suppressor system with excessive numbers of activated suppressor monocytes
that lead to the reduced polyclonal immunoglobulin synthesis observed with
these patients. We have demonstrated a similar monocyte suppressor
disorder associated with a monocyte, produced suppressor factor in mice
bearing transplantable myeloma tumors. . , .--. .

Surface Determinants on Lymphocyte Subpopulations with Different Functions

A major advance in cellular immunology has followed the observation that T

cells encompass subpopulations of lymphocytes with different and at times

opposing functions. The T cells of mice with different functions bear

different surface determinants. We have directed our research effort to

define whether human T cells with different functions also bear different

surface determinants. In one approach antibodies are raised in rabbits
directed against T leukemic cells with imraunoreaulatory functions. Following
absorption one such antiserum directed against a lekemia with suppressor
activity reacts with a T cell associated surface antigen with molecular
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weight of approximately 200,000 daltons. This high molecular weight protein

is not present on most iioraal peripheral blood T cells but is present on the

T cells of patients with agammaglobulinemia and suppressor cells, leukemias

of suppressor cells, normal T cells activated by Concanavalin A to become
suppressor cells and T cell lines that retain suppressor function.

In related studies we have examined lymphocyte cell surface receptors which
bind the Fc noirtion of IgG, IgM receptors and immunoglobulin molecules (which

were previously defined by others) as well as receptors for IgA which

were defined for the first time by our laboratory. Previously others have

reported that human T cells that are positive regulators of human imiaune

responses express receptors for IgM (referred to as TP cells) and that T cells

with suppressor functions express receptors for IgG (referred to as Ty cells).

We previously showed that the rigid classification of T cells into Tu and Ty

cells is not appropriate since Ty cells transform into Tm cells following

interaction with immune cjiip lexes , O.^spite this, distinct differences have

been identified between Ty and T p cells. One of the striking differences

between the TV and Ty subsets is the response of these cells to pharmacologic
agents affecting cyclic nucleotide netabolisn. Twe Ty subset contains

about 15 times more cAMP than does the TP subset following stimulation with

theophyline and prostaglandin E2. Tals remarkable cAMP response is dependent

upon both stimulation by the pharmacologic agents and stimulation of the Ty

Fc receptor with IgG antibody-antigen complexes, neither stimulant alone

being sufficient to induce high cA'-I? synthesis.

As noted above we have now found a third subset of T cells with receptors

for IgA, the Ty cell. Approximately 7% of peripheral blood T cells are

Ty cells. TY cells were found to be especially numerous in gut-associated

lymphoid tissues including the intro-epitherlLal l3miphocyte population. The

Ty subset of T cells is relatively distinctive among the T cell subsets

in that it has a poor proliferative response to ^litogens such as PHA and

PWM. It also responds poorly to allogeneic cells in the mixed lymphocyte

reaction (MLR). Ty cells can function as helper cells for the production

of immunoglobulin by B cells, but this he*lper activity is also much lower

than that provided by the other T cell subsets.

In addition to T cells with receptors for IgA, we have also found a subset

of B lymphocytes which bear Fc-IgA receptors. Furthermore, another

IgA receptor bearing cell was found within the lymphocyte populations

defined as non-T, non-B (i.e., null) ly^nphocytes. The functional

significance of such Fc receptor bearlag lymphocyte subsets is currently

under iatensL^e Investigation in our laboratory.
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Genetic Control of the Immune Response

The discovery in the last decade of the existence of immune response (Ir)

genes which control the ability of an animal to respond to an antigen with

a high degree of antigenic specificity, has opened the door to a potential

understanding of the regulatory factors which control the immune surveillance

against malignancy and infectious disease as well as the abnormal immune

responses involved in the pathogenesis of autoimmune and other diseases.

Most immune response genes studied have been those controlling the response

to relatively simple synthetic antigens and hapten-carrier complexes. We

have studied the fine specificity of immune response gene control of the

antibody response to the natural protein antigens staphylococcal nuclease,

and sperm whale myoglobin in mice.

Both humoral (antibody) and cellular (T-l3miphocyte proliferative) immune

responses to myoglobin were found to be under control of 2 genes mapping

in distinct subregions of the immune-response (Ir) gene region of the

major histocompatibility complex (H-2 ) of mice. Each gene controlled

the response to different determinants on the same antigen molecule - the

first example of this phenomenon. Moreover, the gene controlling production

of antibodies to a region of myoglobin also controlled T-cell proliferation

to the same region, suggesting a common control mechanism. Kupffer cells

(liver macrophages) were found to reconstitute the ability of macrophage-
depleted T-cell populations to respond to antigen. When (high-responder

X low-responder) F]^ hybrid T-cells were used with Kupffer cells from

recombinant mice bearing only one or the other myoglobin Ir gene or bearing

both or neither Ir gene, I_r gene control was found to depend on genes of the

Kupffer cells, not the responding T cells. The Kupffer cells thereby selected

which detenninants could elicit an immune response. Thus, determinant-

specific JLr genes are determined by the macrophage la antigens and the

repertoire of T-lymphocyte receptors which interact with these.

Gluten Sensitive Enteropathy

A major example of a human disease wherein a disordered immune response

is related to genes associated with the major histocompatibility
complex as well as genes on a separate chromosome. Previously we

identified an antigen on the B cells of patients with gluten-sensitive
enteropathy that has been shown in genetic studies to be under the

control of genes not linked to HLA. During the past year this antigen
was shown to be present on gut epithelial cells as well as B cells.

The fact that this antigen is found at the site of tissue injury in
gluten-sensitive enteropathy makes it more likely that the antigen
plays an important role in the causation of the disease.
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Mechanism of Action of Cytotoxic Mononuclear Cells and Their

Contribution to Host Defense

Cytotoxic killer cells have been implicated in a number of systems of

host defense including the destruction of malignant cells. The studies

of the types of cells involved, the surface characteristics, cytotoxic

repertoire, and the mechanism of action of these various cytotoxic

killer cells and their contribution to host defense were continued.

Model systems have been developed for the study of killer T cells,

cytotoxic K lymphocytes and cytotoxic monocytes in a series of

distinct cytotoxic processes. These have included antibody dependent

cellular cytotoxicity, mitogen induced cellular cytotoxicity,

natural killer and monocyte dependent cytotoxicity and cytotoxicity

directed against autologous cells modified by chemicals or viruses.

Over the past year special emphasis has been placed on studies of a

form of cell-mediated cytotoxicity mediated by thymus-derived cells

(T-ljmiphocytes) possessing target cell antigen specific receptors which

are not conventional immunoglobulin molecules. Such cytotoxic T-cells

are non-detectable in immunized individuals. Human cytotoxic T-lymph-

cytes (CTL) with receptor specificities for cell surface transplantation

antigens present on the cells of unrelated individuals may be generated

during seven days of _in vitro mixed leukocyte culture in which responder

leukocytes are immunized by co-culture with the leukocytes of a non-related

individual whose proliferative capacity has been inhibited by irradiation.

In such cultures, responder CTL precursors proliferate and mature into

cytotoxic effectors. Since these immune cytotoxic cells are specific for

antigens which differ among individuals of the same species (alloantigens)

these effectors are termed alloimmune CTL. Immune CTL may also be produced

with receptor specificities for chemical or viral antigens. Recent

studies have demonstrated that individuals immunized either _in vitro

or in vivo with chemical haptens or viral antigens produce CTL which will

lyse homologous antigen bearing autologous, (self) target cells, but will

lyse antigen bearing targets from other individuals only when the target

cell and the immune CTL share genetically determined histocompatibility
antigens. The relevant histocompatibility antigens which must be shared

between targets and CTL and those encoded by a genetic locus termed the

major histocompatibility complex (MHC) which in humans codes for the the

HLA A, B and C antigens. These cytotoxic T-cells with receptor specificities

for foreign antigens plus autologous MHC determined cell surface antigens

are termed self MHC restricted CTL. These self MHC restricted CTL are

thought to play a major pathologic role In vivo in the recovery from

virus infectious, immunologic surveillance against neoplasia and

deleterious autoimmune phenomena under certain conditions. In humans,

CTL with receptor specificities for chemical haptens (trinitrophenol-TNP)

and autologous MHC antigens have been produced in vitro by seven days of

primary immunization of responsder leukocytes with haptenated autologous

leukocytes followed by five additional days of secondary J^ vitro

stimulation with fresh autologous hapten modified cells. Human CTL with
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specificities for viral antigens and self MHC antigens have also been
produced J^ vitro by culturing responder leukocytes with inf luenze virus
infected autologous leukocytes for seven days.

Studies were undertaken to define: 1) The cellular requirements for

the generation of self MHC restricted CTL, 2) The virus specificity of

influenza immune CTL, 3) The nature of the self MHC determined products
recognized these CTL, and 4) The potential of cells from patients with
immunodeficiency diseases to generate self-MHC restricted CTL.

Human peripheral blood T-cells may be isolated into sub-populations based

on their expression of Fc receptors for IgM (Tp cells) or IgG (Ty cells).

Previous studies of human alloimmune CTL demonstrated that Ty cells were
both necessary and sufficient as cytotoxic cell precursors and that these

TM cells differentiated into mature CTL lacking IgM and IgG Fc receptors.

Thus the Tp subset of human peripheral blood T-cells was shown to contain
cytotoxic cell precursors for both alloimmune and self-MHC restricted
T-cell cytotoxicity and the mature effector cells in both cases lacked

detectable Fc receptors. At present it is unclear whether these CTL

are derived from the same or different precursor pools within the IJj

subset.

The virus specificity of influenza immune CTL was investigated by

stimulating peripheral blood leukocytes with several type A influenza

viruses and a type B influenza virus. These immune CTL were then tested

on autologous target cells infected with the same virus employed for

sensitization or a different type A or B virus. Effectors sensitized with

type A viruses produced lysis of target cells infected with all of the type

A viruses studied but not type B viruses and vice versa. These results

suggest that the fine specificities common to one or the other major

type of influenza viruses. One such antigenic specificity is the matrix
protein of the influenza viruses.

Studies of the autologous MHC determined cell surface products recognized
in addition to virus antigens by influenza immune CTL demonstrated that the

amount of lysis of autologous virus infected target cells was routinely

64 fold or greater than the lysis of virus infected target cells from non-

related individuals who shared no HLA A, B, or C antigens with the donor

of the CTL. Siblings sharing no HLA antigens (but who would be expected

to share on the average half of their genetic material) did not produce

virus immune CTL capable of lysing each others infected target cells. In

studies employing cells from non- related individuals, homology between

target and effector at one or more of the four HLA antigens was necessary

but in the case of single HLA antigen sharing not always sufficient for

lysis to occur.

These results suggest that the self specificities recognized by influenza

immune CTL are the HLA A and B locus antigens determined by the human

MHC and that under certain consitions contain MHC determined HLA antigens

are not recognized in association with virus.
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Given the observation that certain immune CTL are restircted to recognize

antigens in the context of self-MHC products, one might ask how these

restrictions are imposed on CTL. Recent studies in experimental animals

have suggested that bone marrow stem cells differentiating within the

thymus develop receptor specificities for MHC products expressed on the

thymic epithelium. These receptor specificities which then constitute the

repetoire of MHC products considered as self and are stable in the peripheral

T-cell population. Cells expressing receptor specificities for foreign

antigens plus self-MHC products are then selected from this T-cell pool by

the antigen presenting lymphoreticular cells. The generation of these CTL

may also require MHC restricted T-helper cells and be under the influence

of T-suppressor cells.

Humans with immunodeficiency diseases such as common variable hypogamma-

globulinemia (CVH) and ataxia-telangiectasia have recurrent infections,

including those caused by viruses, and a greatly increased incidence of

neoplasia. Therefore, these patients' lymphocytes were studied for their

capacity to generate influenza virus immune CTL. Five of eight CVH patients

studied possessed lymphocytes capable of generating influenza immune CTL.

In these patients, immune CTL were also restricted to lyse MHC compatible

target cells. In the three patients who did not generate CTL, this defect

was not attributable to the lack of T-cells or the inability of the

patient's cells to become virus infected and be lysed by MHC compatible immune

effectors. It was of particular interest to study the influenza immune CTL

responses in patients with ataxia-telangiectasia since, 1) these patients

often die in early life of recurrent infections or neoplasia and 2) these

patients have been postulated to have a defect in endodermal-mesodermal

interactions leading to an embryonic appearing thymus almost devoid of

epithelial elements which might "instruct" stem cells. In nine ataxia-

telangiectasia patients studied thus far, the lymphocytes from eight have

lacked the capacity to produce virus immune CTL, In all of the nonresponsive

patients this finding was not due to reduced proportions of T-cells.

Moreover, in five of eight patients not generating CTL this defect was not

attributable to the patients' cells not becoming virus infected and being

lysed by MHC compatible immune effectors.

These studies demonstrate that in certain CVH patients lacking humoral

immune responsiveness to viruses, CTL effector responses may be retained

and contribute to host responsiveness. The inability to generate CTL in

some CVH patients and the majority of ataxia-telangiectasia patients may

contribute to the observed increased incidence of infections and neoplasia.

In another area of research in the area of cell-mediated cytotoxicity we have

studied non-antigen specific host defenses mediated by monocytes. It appears

that monocytes act as an important first line of defense in a non-immune host.

In our studies we have utilized an
^J};

vitro model of monocyte mediated

cellular cytotoxicity. First we examined the cellular control of these

monocytes and have demonstrated a potent system of suppressor lymphocytes

which modulates monocyte cytotoxicity. We then examined the mechanisms

of target recognition and have demonstrated that cytotoxic monocytes recognize

specific sugars on various targets. In related studies we have developed
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evidence in both human and murine models that different simple sugars are
capable of blocking antigen specific proliferation ^ vitro . Non-specific
toxicity has been clearly ruled out and our current evidence suggests that
monocytes and T cells interact with each other by recognition of specific
cell surface glycoproteins. Taken together, these data concerning the
effect of simple sugars on antigen specific proliferation strongly argue for
a very basic role for carbohydrate (glycoprotein) recognition and suggest
a general mechanism of cellular recognition that applies to both xenogenic
(self- non-self target) and syngeneic (self-self target). In a final series
of studies, we have examined the effect of various pharmacological
agents on spontaneous monocyte mediated killing. We have found that both
x-irradiation and Cis platinum (a new cheraotherapeutic agent) markedly
enhance killing. We have begun to analyze patients receiving Cis platinum
and believe that besides being directly tumorocidal both x-ray and Cis
platinum may also play an important tumorocidal role by activating host
monocyte mediated killing.

Mechanism of Action of Growth Hormone

An understanding of the biochemical events accompanying normal growth
(as mediated by growth hormone, for example) may be a pre-requisite for
understanding malignant growth. There is evidence that the anabolic
action of growth hormone is mediated by a second protein designated
somatomedin. A somatomedin-like polypeptide (MSA or multiplication
stimulating activity) has been purified from the conditioned media of

a rat liver cell line (BRL 3A) that multiplies continuously in tissue
culture in serum free media. Several active species of MSA of different
size have been purified and characterized as to relative activity in

radioreceptor and bioassays.

Using a radioimmunoassay for MSA, we have shown that the levels of MSA
are 20-50 fold higher in fetal rat serum than in maternal or adult rat
serum. In contrast, results with assays which measure other members of

the somatomedin family have shown the opposite; that is levels of these
proteins are lower in maternal serum. Our finding, therefore, suggests
that among the family of somatomedins, MSA may be a fetal growth factor,
whereas other somatomedins may play a role later in the life of the rat.

Unique among polypeptide hormones, MSA is bound to a large carrier

protein in blood. We have now shown that the level of this carrier
or binding protein is growth hormone dependent in man. This conclusion
is supported by our observation that patients with growth hormone
deficiency have low levels of the binding protein in their serum and

that these levels increase when the patients are treated with growth
hormone.
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Proline Biosynthesis and Metabolism

Proline, a nonessential amino acid, has a number of unique metabolic
functions. Proline (PRO) together with its hydroxylated derivative,
4-hydroxy-L-proline, are abundent in collagen constituting 20% of

the amino acid residues. More interestingly, our laboratory has shown
that proline and its metabolism can regulate other major metabolic pathways.
The two amino acids (PRO, HOP) are unusual in that they are the only naturally-
occurring amino acids without a free alpha-amino group. Instead, the alpha-
amino group is incorporated within a pyrrolidine ring. Thus, proline and
hydroxyproline cannot participate in the usual transamination and decarboxy-
lation reaction mechanisms common to most other amino acids. We have shown
that the specific enzjraie system metabolizing the amino acids are linked
to general metabolic pathways via the redox state. Since the redox state
is critical to a large number of metabolic systems (energy, glucose metabolism,
nucleotide metabolism, membrane function, ureogenesis, etc.) we propose
that proline plays a role in regulating these metabolic systems and derange-
ments of this regulation may produce disease.

One series of studies were directed toward an examination of the

linkage of pyrroline-5-carboxylate reductase to the hexose the

pentose (HMP) pathway. In cultured human diploid fibroblasts, pyrroline-5-
carboxylate (PC) added to the culture medium markedly stimulated (15x) the

activity of the HMP pathway. In contrast, other amino acids -

proline, ornithine, glutamate, glutaraine or a mixture of essential and
nonessential amino acids were without effect. We then shown that PC

reductase was the enzyme involved in the observed effect. Methylene
blue, a known oxidant, stimulates the HMP pathway by increasing the
availability of NADP+. Pyrroline-5-carboxylate reductase and methylene
blue at saturating concentrations were nonadditive. Thus, we conclude
that PC reductase by converting PC to proline generates stoichiometrically
the NADP+ necessary to augment HMP activity.

These observations were further investigated in human erythrocytes
because the absence of the tricarboxylic acid cycle in erythrocytes
provided in experimental advantage. We demonstrated that PC

reductase is present in erythrocytes, a finding previously unreported.
In addition the levels of the enzyme activity at Vj^^^ ^^^ comparable
to other erythrocyte enzymes (glucose-6-P dehydrogenase, glutathione
reductase, etc.). In spite of these high levels of PC reductase, the
other proline metabolic enzjmies (ornithine aminotransferase, PC dehydrogenase,
proline oxidase) were undectable. Most interestingly, PC reductase in

erythrocytes, in contrast to proliferating cultured human fibroblasts
has charateristics which link it to a functional end point other than
proline synthesis. The enzyme from erythrocytes is regulated by NADP+
whereas the fibroblast enzjnne is regulated by product proline. Furthermore,
the erythrocyte enzyme has a preferentially high affinity for NADPH over

NADH. These characteristics especially suit it for linkage with the HMP

pathway. In studies in intact erythrocytes, the addition of PC increased
the HMP activity dramatically (15X). In additional studies were done using
erythrocyte lysates it was shown HMP activity was unaffected by PC in
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the presence of saturating concentrations of NADP+. With NADPH present
in the assay, little HMP activity was seen. However, when PC was added,
the HMP pathway increased to 40% of the maximal activity seen with NADPH+.
These studies confirm that the redox state is the link between PC reductase
and the HMP pathway.

In other studies it was shown that PC reductase increases dramatically
in lymphocytes stimulated with pokeweed mitogen. PC reductase activity
increases in both pokeweed mitogen stimulated T and non-T cells and
that the time-course of the response correlates well with that of
pokeweed stimulated thymidine incorporation and immunoglobulin synthesis.
Non T cell populations, which do not proliferate or produce immunoglobulin
when cultured without T cells, showed a marked response in PC reductase
activity in the presence of irradiated T cells which act as helper
cells for B cell proliferation and function. Thus, the response in
PC reductase activity in lymphocyte subpopulations parallel well-
characterized immune functions.

Two lymphoblast cell lines with interesting properties in proline
metabolism were also studies. LHN 13, a line derived from normal B

cells, is a proline excretor, a feature common to most lymphoblast lines.
Reh cells, a line derived from human acute leukemia cells, do not excrete
proline. We have now characterized the enzymes from the two cell lines
and found that the PC reductase activity level in Reh cells is only
15% of that in LHN 13. Under these conditions both cell lines
have identical affinities for substrate PC and identical profiles for

inhibition by proline. However, striking difference were found in the
affinities of the two enzymes for pyridine nucelotides. Reh exhibited a

higher affinity for NADPH than LHN 13 (K^j = .04 and .12 mM respectively).
The affinity for NADH of the two cell lines were similar. Furthermore,
in the presence of saturating concentrations of NADPH, Reh cells had a

much higher affinity for PC than LHN 13. In spite of the differences in

total enzyme activity, the preferential affinity of the Reh enzjmie for
NADPH suggested that they would have a functional linkage with the HMP
pathway. The HMP activity in Reh and the stimulation of HMP by PC
were higher than would be predicted by the level of the enzyme.
However, the production of lactate from glucose, a NAIH- rather than
NADP+ requiring pathway, was 10 X higher in LHN 13 than in Reh. Thus,

these cells have differential characteristics in PC reductase -which are

linked to the appropriate NAD+ or NADP+ dependent pathways of glucose
metabolism.

The effect of PC and PC reducatse on HMP activity, the increase in

activity with l5rmphocyte proliferative signals and differences in pyridine
nucelotide affinities with different cell lines suggest that this

enzyme may play an important role in cellular intermediary metabolism
and may be an important branch point for mediating cellular proliferation
and differentiation.

785



In further studies that concern the hormonal regulation of proline synthesis,
we have shown that the enzymes of proline biosynthesis are dependent on growth
hormone. In hypophysectomized rats, the levels of PC reductase in xiphoid
cartilage progressively falls over a 5 day period and plateaus at a level
1/3 of that of controls. The injection of growth hormone restores the enzyme
activity to 85% of control levels. Although hypophysectomy affects ornithine
aminotransferase, another proline biosynthetic enzyme in a manner
paralleling the effect on PC reductase, it has no effect on proline
degradative enzjmes (PC dehydrogenase, proline oxidase). Furthermore,
the effect of hypophysectomy is tissue specific. In the face of the

aforementioned changes in PC reductase and ornithine aminotransferase
in xiphoid cartilage, the levels of enzyme activity in the livers of

these animals showed no change. Thus, only the known target organs
of growth hormone-dependent somatomedins respond to growth hromone with
an increase in the activity levels of the proline synthetic enzymes.

Finally, proline metabolic enzymes have been examined in tumors. A
serially-passed chondrosarcoma provided an experimental system for
examining the role of proline metabolic enzymes in a collagen-producing
tumor. We compared the activity levels of these enzjmies in the tumor to

those found in xiphoid and femoral epiphyseal cartilage. The activity
of PC reductase was dramatically elevated in the tumor. Expressed on
the basis of extracted DNA, the activity in the tumor was 3-4X that of

xiphoid and 2-3X that of epiphyseal cartilage. The enzyme in the tumor
had the same affinity for PC and the same sensitivity to proline inhibition
as the enzyme from control tissues. Since the growth of the tumor is

sensitive to endocrine ablation, we examined the effects of hypophysectomy
on PC reductase levels in the tumor but the levels in the tumor remained
markedly higher than those in xiphoid and epiphyseal cartilages from the
same animals.

Porphyrin Metabolism

Studies of the normal factors regulating porphyrin biosynthesis and
the disorders of the porphyrin biosynthetic pathway in patients with
acute intermittant porphyria and in animals with tumors were continued.
A new compound, 4,6-dioxoheptanoic acid (succinyl-acetone) is being
studied as an inhibitor of heme biosynthesis. It has been shown
to be an extremely potent inhibitor of the second enzjmie of the heme
biosynthetic pathway, delta-aminolevulinic acid ,(ALA) dehydrase.
Significant inhibition is seen at 10~°M and profound inhibition occurs
at 10~'M. The kinetics of inhibition of the rat liver enzyme along
with dialysis studies show the compound to be an irreversible inhibitor.
The curves of enz3mie inhibition in animals after single as well as multiple
injections show that the compound is taken up by liver cells _in vivo .

Heme synthesis is blocked sufficiently _in vivo to cause induction of

hepatic ALA synthase.
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The compound has been studied for its effects on inhibition of growth
of murine erythroleukemia cells in culture. First it was shown

to inhibit the ALA dehydrase in these cells and to cause a decrease of

the cell heme content of about 50% with each cell division. Growth ceases
and the cells begin to die after two cell divisions. Inhibition of protein
synthesis is produced by the compound and this inhibition correlates
temporarily with inhibition of growth. Since heme is involved in intiation
of polypeptide synthesis (by a complex mechanism), it is thought that the

inhibition of protein synthesis results from the decrease of cellular
heme content, although this has not yet been demonstrated. Cellular heme

depletion does not effect respiration until long after protein synthesis

has been inhibited.

Patients with actue intermittent porphyria have a primary deficiency
of the enzyme uroporphyrinogen I synthase. An assay of uroporphyrinogen
I synthase was used in studies directed toward developing a test to

identify individuals who have latent disease (i.e. , disease that could

become manifest if the individuals were exposed to a precipitating agent).

Eighty percent of individuals studied could be assigned as normal or

as having latent acute intermittent porphyria on the basis of this

enzyme assay alone. The remaining 20% could not be assigned because

of their red cell had an intermediate range of uroporphyrinogen I

synthetase activity in the assay. When the pedigree was used in conjunction

with the enzyme data, the the number of uncertain individuals with respect

to acute intermittent porphyria decreased to 10%. The enzyme method

detected latent acute intermittent porphyria in 37.5% of blood relatives

of patients with this disease whereas quantitative urinary porphobilinogen
alone detected only 15.2%
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Project Description :

Objectives : The objectives of the study were: to determine
the sequential steps involved in the differentiation of lymphocyte
B cells into immunoglobulin synthesizing and secreting cells.
Major efforts were directed toward defining the role of suppressor
T lymphocytes, helper T lymphocytes, and macrophages in this
maturational process. Disorders of these suppressor and helper
interactions have been defined in the primary immunodeficiency, allergic,
autoimmune and malignant diseases of man. Overall the studies are
directed at defining disorders of host immunoregulation that lead to

a high incidence of malignancy or that led to immunodeficiency and a

high incidence of infection in patients who have malignancies of the T

and B cell system. Finally studies were directed toward developing new
techniques for the detection of circulating tumor-related antigens that
could be used in cancer diagnosis or in monitoring the effectiveness of
therapy.

Methods Employed ; In vitro culture techniques of mitogen stimulated
peripheral blood lymphocytes have been developed for the study of the

terminal differentiation of B Ijnnphocytes into immunoglobulin secreting
cells. New techniques with B cells purified by immunoabsorbent colxmins

and followed by removal of contaminating T cells by rosetting techniques
have been used in co-culture studies to detect helper T cells in man.

Co-culture studies have also been utilized for the detection of excessive
numbers or reduced numbers of suppressor T lymphocytes. Lymphocytes
depleted of adherent cells by a variety of techniques as well as new
monocyte purification procedures have been used to assess monocyte
helper and suppressor functions.

Major Findings : A major effort of the Metabolism Branch over the

past few years has been directed toward defining the major events of

cellular differentiation, cellular interaction and cellular biosynthesis
involved in the specific circulating immune response. These studies have

placed special emphasis on defining the defects of regulatory T cells and

macrophage interaction with B lymphocytes and plasma cells that'bccur in

patients with primary immunodeficiency diseases associated with a high
incidence of malignancy, in patients with autoimmune disorders as well

as in patients with malignancies of the T or B l}miphocyte systems.

Overall these studies were directed at defining the factors in normal
and abnormal states controlling the production of antibodies and the

synthesis of the immunoglobulin molecules. Cells that ultimately

produce antibodies undergo sequential maturation from stem cells in

the marrow to B lymphocytes and then from B lymphocytes into immuno-

globulin synthesizing plasma cells. The maturation of B cells into

plasma cells is carefully regulated both positively and negatively by
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distinct subpopulations of Ijnnphoid cells. Specifically many antigens
and mitogens require the presence of both helper lymnphocytes of thymic

origin (helper T cells) and macrophages as well as the B cells to induce
a full antibody response. More recently it has been recognized that a

separate class of thymic derived cells, suppressor T cells, may act as

negative regulator of B cell maturation inhibiting this process.

We and others have shown that suppressor T cells emerge from the thumus
as inactive prosuppressor cells that require an interaction with another

T cell (termed a suppressor inducer or activator) in order to become a

final effector of suppression. To study these events we have developed

a series of techniques including techniques to study the terminal
differentiation of B cells into immunoglobulin synthesizing and secreting
cells, techniques to assess helper T cell function, and to detect both
increased and decreased functional activities of suppressor effector T

cells and their precursors and activators. Previously we used a single
basic procedure for these determinations in which peripheral blood lympho-

cytes were cultured in_ vitro with pokeweed mitogen, a polyclonal activator
and the IgG, IgA, and IgM synthesized and secreted by these cells was

quantitated using radioimmunoassay procedures. Pokeweed mitogen is

a prototype of a thymic and macrophage dependent activator of B cells

that also has the capacity to activate some prosuppressor cells to

effectors of suppression.

In the past year we have developed additional approaches to assess in vitro

immunoglobulin synthesis that involve new ways of assessing immunoglobulin
production and new polyclonal activator agents to stimulate the B cells.

A radioimmunoassay for IgE of extreme sensitivity (sensitive to 20 pico-
grams of IgE) has both developed and is being used to define the patho-

genesis of disordered IgE regulation in patients with allergy, the hyper

IgE syndrome and the Wiskott-Aldrich syndrome. In addition, a direct
plaque system that measures cells producing antibodies to sheep red blood

cells has been used in conjunction with cells pulsed with Concanavalin A

(a lectin that activate suppressor cells) to detect deficiencies of the

suppressor cell system in patients with certain forms of autoimmunity or

allergy. A second modification of the immunoglobulin biosynthesis system

that has facilitated the detection of helper T cell defects and has
permitted the differentiation of prosuppressor and suppressor effector

activity has been the definition of new polyclonal activators of B cells.

These activators differ from pokeweed mitogen in terms of their requirement

for helper cells and in terms of their ability to activate suppressor

T cells. Streptolysin and staphyloccal phage lysate are thymic

dependent B cell activators. In contrast, B cells that have been

rigorously depleted of T cells are activated to produce immuno-
globulin molecules by Nocardia water soluble mitogen and by a helper
factor secreted by T cells on pokeweed mitogen stimulation. We have
also utilized the Epstein-Barr virus as a B cell stimulatory agent.

The Epstein-Barr virus (EBV) is the etiologic agent of acute
infectious mononucleosis (IM) in man and has been closely associated
with African Burkitts lymphoma, nasopharyngeal carcinoma and rare
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cases of agammaglobulinemia. The virus is unique among pathogens
in that it specificially infects cells of the immune system, the B

lymphocytes, and transforms these B cells into permanently growing cell
lines in culture. EBV added to normal Ijraiphocytes placed into culture
induce the B cells to differentiate into cells actively secreting
each class of immunoglobulin. Cell separation experiments demonstrated
that EBV induced activation of B cells was totally independent of T
helper lymphocytes in contrast to pokeweed mitogen which is dependent
on T cells for its activation of B cells.

Using these assay procedures we have identified patients with
disordered immunoglobulin synthesis due to a variety of mechanisms including
disorders of intrinsic B cell activity, disorders of helper T cell function,
disorders of the network of interacting T cells involved in immune suppression
as well as disorders of monocyte function. Patients with hypogammaglobulin-
emia with primary B cell defects that we have defined include patients
with X- linked agammaglobulinemia, patients with certain types of common
variable immunodeficiency, with selective IgA deficiency or with the

immunodeficiency characterized by elevated IgM levels and reduced IgG and
IgA levels. Over the past year we have discovered a new x-linked disorder
characterized by hypogammaglobulinemia due to an intrinsic B cell defect
associated with isolated growth hormone deficiency. In contrast to

patients with Bruton's type x-linked agammaglobulinemia these patients
have tonsils, have B cells in some cases and have the isolated growth
hormone deficiency.

A second area of interest has been in helper T cell activity in animal
models and in patients with disorders of immunity.
In clinical studies deficiency of helper T cells was observed in

patients with severe combined immunodeficiency disease, a patient with
common variable hypogammaglobulinemia and .in patients with ataxia-
telangiectasia. An extreme defect in helper T cells was shown to be

the cause of the hypogammaglobulinemia in the form of severe combined
immunodeficiency characterized by an absence of circulating T cells
but normal numbers of B cells. The B cells of these patients could
not synthesize immunoglobulin molecules when cultured with, pokeweed
mitogen ±n vitro but synthesized immunoglobulin normally when normal
T cells were added to the culture system. The primary defect in such
patients might be a defect of T stem cells or to a failure of thymus
function leading to a failure in the maturation of such stem cells
into functional T cells. A similar pattern of hypogammaglobulinemia
with normal B cell function has been identified in a patient with common
variable hypogammaglobulinemia who has a T cell defect limited to

the helper T cell series. Defects of helper T cell activity were also
present in most patients with ataxia-telangiectasia. Patients with
ataxia-telangiectasia manifest cerebellar ataxia, occulocutaneous
telangiectasia, elevated alpha-fetoprotein levels, a defect of DNA
repair following irradiation, a high incidence of neoplastic disease and
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a variable immunodeficiency state. The majority of patients have a

small embryonic appearing thjnnus, have defects in cell-mediated
immunity and markedly diminished levels of IgA and IgE. Two factors
were shown to contribute to the low rates of IgA synthesis. The

patients had an intrinsic defect of their IgA producing B cells and
had a reduction of helper T cell activity. The patients' helper T cells
did not cooperate normally with normal B cells for immunoglobulin
synthesis in the pokeweed mitogen stimulated immunoglobulin system.
The technique for assessing helper T cell activity were applied to

homogenous populations of T cells from patients with T cell leukemias.
One of 20 acute T cell leukemias and seven of 12 patients with Sezary
T cell leukemias retained the capacity to help normal B cells in pokeweed
mitogen stimulated cultures. It is of interest that these patients had
high IgA and IgE levels and in eight cases the Sezary cell leukemia has
been associated with a circulating monoclonal immunoglobulin.

Over the past year we have utilized two approaches to define deficiency
of suppressor T cell activity. In one approach pokeweed mitogen induced
immunoglobulin synthesis is studied for a patient at varing T to B

cell ratios using T and B cell populations isolated from the patient's
blood. In normal individuals suppression is observed at T:B ratios of

9:1 or higher. In the other system, cells to be assayed for prosuppressor
T cells are cultured for 48 hours with Concanavalin A and then cocultured
with normal cells stimulated with pokeweed mitogen. Cells from normal indivi-

duals pulsed with Concanavalin A inhibit the immunoglobulin synthesis of

co-cultured cells by a factor of over 90%. Deficient suppressor activity
was observed with the cells of patients with systemic lupus erythematosus,
the leukemic cells of patients with the Sezary syndrome and cells of patients
with primary biliary cirrhosis.

We have demonstrated excessive suppressor T cell activity in the neonate
and in association with a variety of immunodeficiency states including
infectious mononucleosis, one form of T cell leukemia, a subset of

patients with common variable hypogammaglobulinemia, thjmioma and

hypogammaglobulinemia and some patients with selective IgA deficiency.

Studies on T cell leukemia with retained suppressor activity have been
continued in order to address one of the most critical issues concerning
the capacity of T cells to regulate human immunoglobulin synthesis , that is

whether suppressor cell activity is generated by a single population of

T cells acting alone of whether suppressor cell generation requires
interaction between different populations of T cells neither of which

has the capacity to affect suppression alone. The proof of such T-T
interaction requires clear identification and separation of the two classes
of cells involved. In human systems, this has been exceedingly difficult
until now. We have taken advantage of an unusual patient with acute
lymphoblastic leukemia and hypogammaglobulinemia prior to therapy to

address this issue. In our studies we learned that the neoplastic T

cells from this patient functioned as pro-suppressor cells. We
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observed that the patient's leukemic T-cells produced no detectable
immunoglobulin and depressed the immunoglobulin production of co-
cultured normal unseparated lymphocytes by 85-100% in the presence of

pokeweed mitogen. However, suppression was observed only when cooperating
normal T cells and pokeweed mitogen were present. Prior irradiation of

either the leukemic cells of the cooperating normal cells nulified the
suppressor effect. We, thus, were able to conclude that an interaction
between at least two different T cell subsets is required for the generation
of so-called suppressor-effector T cells in man. We extended these studies
by analyzing whether normal T cells could secrete a soluble factor which
could activate the leukemic cells under discussion to become suppressor
effector cells. We learned that normal T cells when stimulated with
pokeweed mitogen secrete a factor (or a series of factors) which may
activate the leukemic cells to become direct suppressors without the further
need of cooperating T cells in a pokeweed mitogen driven system of
immunoglobulin production. In a Nocardia water-soluble mitogen-driven
system of immunoglobulin production (known to be relatively T-independent)

,

it was learned that both pokeweed mitogen and these leukemic cells were
required for suppressor effects. These studies enabled us to construct a

model for the induction of human suppressor effector cells. In this

model, pro-suppressor T cells must interact with a different activating
set of T cells before becoming fully functional suppressor T cells. To

our knowledge, these studies represent the first proof of cooperative
interaction between neoplastic and normal T cells in the generation of

immunoregulatory effector T cells. We have raised antibodies against the

leukemic T cells which react with suppressor but not with helper T cells.

Patients with common variable hypogammaglobulinemia represent a complex
group of disorders with different fundamental defects. Many have

intrinsic B cell defects, a few have a deficiency of helper T cells
and a few have a circulating factor that inhibits B cell function.

A subgroup of patients have excessive suppressor cell activity.
Synthesis of immunoglobulins by normal cells was suppressed by over

50% when cocultured with equal numbers of peripheral blood l3miphocytes

from 44% of patients with common variable immunodeficiency and _by over

80% when incubated with the Ijnnphocytes of 18% of the patients. The

T cells from the patients with suppressor cells were shown to function

as suppressors. In some cases suppressor monocytes were also present.

In some cases suppression was only observed when pokeweed mitogen was

used as the polyclonal activator, whereas in other other cases, the cells

of the patient suppressed when any polyclonal activator was utilized.

The suppressors cells in the former case were steroid and irradiation
sensitive and appear to be prosuppressors that require pokeweed mitogen

for their activation. The suppressor cells that suppress in non-pokeweed
mitogen stimulated cultures and that are corticosteroid resistant appear

to be in vivo activated suppressor effector cells. In the one patient

studied extensively the target of the suppressor cell was shown to be
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the B cell rather than the helper T cell which is the target of most antigen
specific suppressor systems. The most critical question concerning the role
of the suppressor T cells in the pathogenesis of the hypogammaglobulinemia
has been addressed by isolating the patients' B cells free of the patients

T cells and determining their capacity to synthesize immunoglobulin molecules
in vitro . In some but not all cases we demonstrated that patient B cells

freed of suppressor T cells could synthesize immunoglobulin molecules
supporting the view that the suppressor T cells played a pathogenic role

in the hypogammaglobulinemia.

A modification of the immunoglobulin biosynthesis procedure has been developed
to assess the ability of macrophages to act as one of the helper eels required
for B cell maturation and to detect activation of monocytes into cells that

inhibit immunoglobulin synthesis. Optimal immunoglobulin synthesis induced

by pokeweed mitogen, staphage lysate and streptolysin were dependent on the

presence of macrophages. If excessive numbers of normal macrophages (i.e.,

over 50% of the cells in the culture system) profound suppression was observed.

T cells were not involved in this suppression as participants or targets.

The suppression does not act via cytotoxicity. Thus it appears that normal
macrophages can be activated to inhibit B cell maturation and immunoglobulin
synthesis. Patients with multiple myeloma have a disorder of the monocyte
suppressor system with excessive numbers of activated suppressor monocytes
that lead to the reduced polyclonal immunoglobulin synthesis observed with
these patients. We have demonstrated a similar monocyte suppressor
disorder associated with a monocyte, produced suppressor factor in mice
bearing transplantable myeloma tumors.

Significance to Biomedical Research : The techniques developed

for the study of the terminal differentiation of B cells and for helper

and suppressor T cells is of the same value in the study of B cell

maturation as is the lymphocyte blastogenic response to PHA in the

study of thymus- dependent lymphocyte (T cell) maturation. Thus, in

vitro techniques are now available to evaluate both arms of specific

immune response in man. One can now study the physiological factors

regulating this response, one can define defects in the process in

patients with immunodeficiency disorders or neoplasia of the B-cell

or T cell lymphocyte system. In addition, such studies can be used

to determine the effect of ehcmotherapeutic or other agents of the

terminal differentiation of B cells in parallel with studies of the

effects of these agents on T cells so that one can define agents which

preferentially affect T cell immunity and those which preferentially

effect B cell immunity.
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Proposed Course ; Studies directed toward understanding the
pathways and controlling mechanisms of the synthesis, transport and
catabolism of serum physiological and pathophysiological factors
controlling the sequential development of B cells into immunoglobulin
synthesizing cells. Special emphasis will also be placed on the
development of new techniques for the detection of circulating tumor-
related antigens. These latter studies will include the evaluation
of the synthetic rates of catabolism of such tumor-related antigens.
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Project Description :

Objectives ; To study mechanisms controlling heme biosynthesis and
biochemical aspects of porphyrin metabolism in experimental porphyria,
tumors and tumor bearing hosts.

Methods Employed : Quantitative enzyme determinations, chemical
determination of porphyrins, porphyrin precursors and tissue heme; use
of homogenates, slices and isolated cells and isotope methods in stuyding
metabolic pathways; computer and mathematical analysis of certain mathematical
models.

Major Findings :

Major Findings: A new compound, 4 ,6-dioxoheptanoic acid (succinyl-
acetone) is being studied as an inhibitor of heme biosynthesis. It has
been shown to be an extremely potent inhibitor of the second enzyme of
the heme biosynthetic pathway, ALA dehydrase. Significant inhibition is
seen at 10~°M and profound inhibition occurs at 10~'M. The kinetics
of inhibition of the rat liver enzyme along with dialysis studies show
the compound to be an irreversible inhibitor. The curves of enzyme
inhibition in animals after single and multiple injections show that the
compound is taken up by liver cells ±n vivo . Heme synthesis is blocked
sufficiently _in vivo to cause induction of hepatic ALA synthase.

The compound has been studied for its effects on inhibition of

growth of murine erythroleukemia cells in culture. First it was shown
to inhibit the ALA dehydrase in these cells and to cause a decrease of
the cell heme content of about 50% with each cell division. Growth ceases
and the cells begin to die after 2 cell divisions. Inhibition of protein
synthesis is produced by the compound and this inhibition correlates
temporally with inhibition of growth. Since heme is involved in intiation
of polypeptide synthesis (by a complex mechanism), it is thought that the
inhibition of protein synthesis results from the decrease of cellular
heme content, although this has not yet been shown. Cellular heme
depletion does not effect respiration until long after protein synthesis
has been inhibited.

Studies of uroporphyrionogen I synthase in red cells showed that 80%
of individuals could be assigned as normal or latent acute intermittent
porphyria on the basis of this enzyme assay alone. The remaining 20%
could not be assigned because of an intermediate range of activity for
the red cell assay in which the diagnosis cannot be certain. When the pedigree
was used in the evaluation of the enzyme data, the number of uncertain
individuals with respect to acute intermittent porphyria decreased to 10%.

The enzyme method detected latent acute intermittent porphyria in 37.5% of

blood relatives, whereas quantitative urinary porphobilinogen alone detected
only 15.2%.
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Significance to Biomedical Research ; These studies are helping
to elucidate some of the fundamental chemical defects of diseases which
involve alterations of porphyrin metabolism. New forms of treatment
have been developed for some of these diseases as a result of these studies,

Proposed Course : (A) To continue studies of the factors controlling
heme and heme-enzyme synthesis in normal and pathologic tissues. (B) To
study control mechanisms of heme synthesis in tumors and livers of tumor-
bearing hosts. (C) To study the effects of inhibition of heme synthesis
on tumors.
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Project Description:

Objectives : The biosynthesis, degradation and transport of amino
acids play an important role in cellular growth and metabolism. Not

only are amino acids the necessary building blocks for proteins but
also amino acids may play important roles in intermediary metabolism,

e.g. alanine, ornithine. This project emphasizes the biosynthesis
and degradation of proline because the metabolic intermediates of proline
metabolism provide an important link, between the TCA and urea cycles.
In addition, these intermediates may function as redox couples thereby
influencing the redox state. The mechanisms regulating proline biosynthesis
and degradation in normal and malignant cells are poorly understood.

These studies may elucidate changes in growth rates, energy allocation and
protein synthetic rates in tumors. The project is relevant to objective 3,

Approaches 1 and 5 of the National Cancer Program.

Methods Employed : We are primarily using animal cells maintained in

long-term tissue culture. Cells can be cloned to insure a genetically
homogenous population. Mutants are isolated by standard techniques.

A variety fo biochemical techniques have been utilized to study amino
acid biosynthesis and degradation in cultured cells. Uptake of amino

acids may be assessed by using labeled L-amino acids and rates of protein
and collagen synthesis can be obtained by incubating cells with L-proline-

C and separation of the radioisotopically incorporated amino acids

as proline and hydroxyproline by ion exchange column chromatography.
Specific metabolic conversion of amino acids can be determined by isolating
labeled products from labeled precursors. Methods have been developed

to recover ornithine from proline and glucose from proline and alanine.

The enzymes for biosynthesis and degradation of proline are assayed by

using appropriate labeled precursors and isolating the products by

ion exchange chromatography. Our methods are sensitive enough to measure
these enzjnnes in leukocytes isolated from- 10 ml of blood. Biochemical
studies on specific enzymes include the isolation of mitochondria,
solubilization of enzymes from mitochondrial particles and purification
of enzymes.

Major Findings : - - -" "

Clinical and Basic Research Goals : Proline, a nonessential amino acid,

has a number of unique metabolic functions. Proline and its hydroxylated
derivative, 4-hydroxy-L-proline, are abundent in collagen constituting 20%

of the amino acid residues. More interestingly, our laboratory has shown

that proline and its metabolism can regulate other major metabolic pathways.

The two amino acids (PRO, HOP) are unusual in that they are the only naturally-

occurring amino acids without a free alpha-amino group. Instead, the alpha-

amino group is incorporated within a pyrrolidine ring. Thus, proline and

hydroxyproline cannot participate in the usual transamination and decarboxy-

lation reaction mechanisms common to most other amino acids. We have shown

that the specific enzyme system metabolizing the amino acids are linked

to general metabolic pathways via the redox state. Since the redox state
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is critical to a large number of metabolic systems (energy, glucose metabolism,
nucleotide metabolism, membrane function, ureogenesis, etc.) we propose

that proline plays a role in regulating these metabolic systems and derange-
ments of this regulation may produce disease.

Linkage of Pyrroline-5-Carboxylate Reductase to the Hexose Monophosphate
Pentose (HMP) Pathway : In cultured human diploid fibroblasts, pyrroline-5-
carboxylate (PC) added to the culture medium markedly stimulates the .

activity of the HMP pathway. The magnitude of the stimulation increases

with increasing concentrations of PC in the medium and plateaus with
[PC] = 2 mM with a 15 fold increase in HMP activity. Other amino acids -

proline, ornithine glutamate, glutamine or a mixture of essential and

nonessential amino acids are without effect. The stimulation of the HMP

pathway is observed over a range of glucose concentrations from 0.1 -

8.0 mM. We then showed that PC reductase was the enzymatic mechanism for

the observed effect. Methylene blue, a known oxidant, stimulates the HMP
pathway by increasing the availability of NADP+. We found that PC and methylene

blue at saturating concentrations were nonadditive and conclude that PC

reductase by converting PC to proline generates stoichiometrically the

NADP+ necessary to augment HMP activity.
These observations were further investigated in human erythrocytes

because the absence of the tricarboxylic acid cycle in erythrocytes
provided in experimental advantage. We demonstrated that PC reductase

is present in erythrocytes, a finding previously unreported. In addition

the levels of the enzyme activity at V^^y are comparable to other

erythrocyte enzymes (glucose-6-P dehydrogenase, glutathione reductase,

etc.). In spite of these high levels of PC reductase, the other proline

metabolic enzjnnes (ornithine aminotransferase, PC dehydrogenase, proline

oxidase) were undectable. Most interestingly, PC reductase in erythro-

cytes, in contrast to proliferating cultured hioman fibroblasts has

charateristics which link it to a functional end point other than proline

synthesis. The enzyme from erythrocytes is regulated by NADP+ whereas

the fibroblast enzyme is regulated by product proline. Furthermore, the

erythrocyte enzyme has a preferentially high affinity for NADPH over NADH.

These characteristics especially suit it for linkage with the HMP pathway.

In studies in intact erythrocytes, the addition of PC increased the HMP

activity dramatically (15X). Additional studies were done, using erythrocyte

lysates in which the HMP activity was unaffected by PC in the presence of

saturating concentrations of NADP+. With NADPH present in the assay, little

HMP activity was seen. However, when PC was added, the HMP pathway

increased to 40% of the maximal activity seen with NADPH+. These studies

confirm that the redox state is the link between PC reductase and the

HMP pathway.
In collaboration with Drs. Lum and Blaese, we showed that PC reductase

increases dramatically in lymphocytes stimulated with pokeweed mitogen.

Although we had previously reported that the enzyme increases with mito-

genesis, the use of the pokeweed system allowed for finer discrimination

and specificity. Most importantly, cell-cell interaction has been well

characterized in the pokeweed system. We found that PC reductase activity
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increases in both T and non-T cells and the time-course of the response
correlates well with that of pokeweed stimulated thymidine incorporation

and immunoglobulin synthesis. Furthermore T cell helper function was shown
in producing the increase in enzyme activity. Irradiated T cells had no

reponse in PC reductase activity. Non T cell populations, which do not

respond when cultured without T cells, showed a marked response in PC

reductase activity in the presence of irradiated T cells. Thus, the

response in PC reductase activity in Ijnnphocyte subpopulations parallel

well-characterized immune functions.
We have also studied two lymphoblast cell lines with interesting

properties in proline metabolism. LHN 13, a line derived from normal B

cells, is a proline excretor, a feature common to most lymphoblast lines.

Reh cells, a line derived from human acute leukemia cells, do not excrete

proline. Previous metabolic studies suggest that the defect is at the

level of PC reductase. We have now characterized the enzymes from the

two cell lines and found that there are qualitative differences in the

enzyme as well as quantitative difference in levels of PC reductase

activity. In a standard assay, the PC reductase activity levels in Reh
is only 15% of that in LHN 13. Under these conditions both cell lines

have identical affinities for substrate PC and identical profiles for

inhibition by proline. However, striking difference were found in the

affinities of the two enzymes for pyridine nucelotides. Reh exhibited a

higher affinity for NADPH than LHN 13 (K^ = .04 and .12 mM respectively).

The affinity for NADH of the two cell lines were similar. Furthermore,

in the presence of saturating concentrations of NADPH, Reh cells had a

much higher affinity for PC than LHN 13. In spite of the differences in

total enzyme activity, the preferential affinity of the Reh enzyme for

NADPH suggested that they would have a functional linkage with the HMP

pathway. We found that HMP activity in Reh and the stimulation of HMP

by PC were higher than would be predicted by the level of the enz3nne.

The production of lactate from glucose, however, a NAD+ rather than

NADP+ requiring pathway, was 10 X higher in LHN 13 than in Reh. Thus,

these cells have differential characteristics in PC reductase which are

linked to the appropriate NAD+ or NADP+ dependent pathways of glucose

metabolism.
The effect of PC and PC reducatse on HMP activity, increase in

activity with proliferative signals and differences in pyridine,

nucelotide affinities suggest that this enzyme may be an important

branch point for mediating cellular proliferation and differentiation.

Since the activity of the HMP pathway for producing precursors for de

novo purine and pyrimidine synthesis is well recognized. We are seeking

a physiologic interaction between PC and PC reductase on nucleotide

synthesis and incorporation.
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Hormonal Regiilation of Proline Synthesis : We have shown that the

enzymes of proline biosynthesis are dependent on growth hormone. In

hypophysectomized rats, the levels of PC reductase in xiphoid cartilage
progressively falls over a 5 day period and plateaus at a level 1/3 of

controls. The injection of growth hormone restores the enzyme activity
to 85% of control levels. Although hypophysectomy affects ornithine
aminotransferase, another proline biosynthetic enzyme in a manner
paralleling the effect on PC reductase, it has no effect on proline
degradative enzymes (PC dehydrogenase, proline oxidase). Furthermore,
the effect of hypophysectomy is tissue specific. In the face of the

aforementioned changes in PC reductase and ornithine aminotransferase
in xiphoid cartilage, the levels of enzjmie activity in the livers of

these animals showed no change. Thus, only the known target organs

of growth hormone-dependent somatomedins respond in the activity levels

of the proline synthetic enzymes.

Proline Metabolic Enzymes in Tumors : A serially-passed chondrosarcoma
provided an experimental system for examining the role of proline metabolic
enzjnnes in a collagen-producing tumor. We compared the activity levels of

these enzymes in the tumor to those found in xiphoid and femoral epiphyseal

cartilage. The activity of PC reductase was dramatically elevated in the

tumor. Expressed on the basis of extract DNA, the activity in the tumor

was 3-4X that of xiphoid and 2-3X that of peiphyseal cartilage. The enzyme

in the tumor had the same affinity for PC and the same sensitivity to

proline inhibition as the enzyme from control tissues. Since the growth

of the tumor is sensitive to endocrine ablation, we examined the effects

of hypophysectome on PC reductase levels in the tumor but the levels in

the tumor remained markedly higher than that in xiphoid and epiphyseal

cartilages from the same animals.

Pyrroline-5-Carboxylic Acid Synthase : We have demonstrated the cell-free

synthesis of pyrroline-5-carboxylate from glutamic acid. Although this

pathway has been shown indirectly in intact cells, the activity of the

enzyme(s) has not been identified in cell homogenates. Using radioisotopically

labeled glutamic acid as precursoe and a "trapping system" (0-amino-

benzaldehyde, proline) we have identified the pathway in cell-free homogenates

and quantitated PC synthase activity in extracts of mammalian cells.

Furthermore, we showed that mutant cells unable to synthesize proline from

glutamate (i^ vivo) are deficient in this enzyme.

Significance to Biomedical Research : The regulation of amino acids for

protein synthesis may play an important role in controlling cell growth.

The enzymes involved in amino acid biosynthesis and degradation are

affected by genetic, nutritional and hormonal factors. Our studies

on the proline metabolic enzymes are contributing to the understanding

of these factors. Specifically, genetic defects in the proline metabolic

enzymes have elucidated some of the physiologic derangements secondary
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to a metabolic block. Elucidation of the molecular mechanisms for
regulating proline biosynthesis and degradation will lead to an under-
standing of biochemical regulation in mammalian cells. Furthermore,
our findings that (1) proline degradation supplies metabolic intermdeiates

,

(2) affects and is affected by the redox state of the cells and (3) is
closely regulated all suggest that proline may play an important role in
cellular intermediary metabolism.

Proposed Course : Our studies suggest that the end point of the
proline biosynthetic and degradative enzymes is not only proline but
also the regulation of spectrum of reactions in inteirmediary metabolism.
The regulation may involve anaplerosis, redox states and metabolic energy.
Because proline oxidation is directly coupled to electron transport, ATP
may be produced directly especially when NADH oxidase is rate-limiting.
Furthermore, because PC can be either oxidized or reduced in NAD(P)H
or NAD(P)+ dependent reactions, the redox state of the cell may be
affected. We are emphasizing studies to prove these regulatory functions
using a variety of experimental approaches. Several cell lines with
defined enzyme defects are available. These include fibroblasts from
patients with inherited metabolic disorders as well as cell lines isolated
and enzjnnatically defined by our laboratory. The Pro/Re mice, an inbred
strain with deficient proline oxidase, also will be included in these
studies. Metabolic pathways with possible coupling to proline include
nucleotide synthesis, cyclic AMP, ureogenesis and gluconeogenesis.
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Smith, R.J. and Phang, J.M. : The importance of ornithine as a precurose
for proline in mammalian cells, j;* Cell . Physiol . 98:475-482^., 1979.

Phang, J.M. , Downing, S.J., Yeh, G.C., Smith, R.J. and Williams, J. A.:

Stimulation of the nexose-monophosphate pentose pathway by pyrroline-5-
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SUMMARY OF WORK (200 words or less - underline keywords)

Studies were directed toward the analysis of immune response in normal

humans and patients with a variety of Immune disorders , as well as analysis

of humoral and cellular immune responses of experimental animals.
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Project Description ;

Objectives : Studies were directed toward the analysis of the humoral
and cellular immune responses of experimental animals with particular emphasis
on the study of experimental models of human disease. Studies were directed
toward the analysis of the immune responses of normal humans as well as

individuals having a variety of immune disorders with concentration on immuno-
deficiency disorders as well as immunologic disorders of the gastrointestinal
tract. These studies included the investigation of patient with gluten-
sensitive enteropathy, dermatitis herpetiformis, inflammatory bowel disease,
as well as patients with ataxia telangiectasia, common variable hypogamma-
globulinemia, and intestinal lymphangiectasia. Each of these diseasea are
associated with a high incidence of reticuloendothelial malignancy and the
mechanism underlying the association between malignancy and these diseases
was sought.

Methods Employed : A host of techniques were used to assess immunologic
function of experimental animals and patients with disorders of the immune
system. Circulating B cells in peripheral blood and in tissue were enumerated
with carefully prepared fluorescein-conjugated F(ab' )2 antiserum with specifi-
city for heavy chains of immunoglobulins. Circulating T cells were enxomerated
with sheep red blood cell rosette techniques. Antibody responses were
assessed by microhemagglutination techniques and _in_ vitro proliferative
responses were assessed with tritiated thymidine incorporation following ex-
posure to specific and nonspecific mitogens. Mitogen-induced cytotoxic effector
cells as well as antibody dependent and natural cytotoxic effector cells were
assessed with ^-'Cr-release assays using red cell and nucleated, metabolically
active target cells. Homogenous cell populations were isolated with the use of

Sephadex anti-Fab columns, rosetting techniques and the use of colloidal iron
followed by passage through a magnetic field. Short term organ culture was
used in conjunction with solid phase immunoabsorption techniques to measure
mucosal immunoglobulins; long term organ culture techniques were used to
study ±n vitro models of intestinal disease.. Cells obtained from various
tissues as well as from peripheral blood were cultured _in vitro under a

variety of conditions. Supernatants from these cell cultures were assayed
by radioimmunoassay in order to measure immunoglobulins produced in
culture. Patients with immunologic disorders were studied with metabolic
turnover techniques to measure immuoglobulin synthesis and catabolism.

Major Findings : (A) STUDIES IN THE REGULATION OF IgA IMMUNOGLOBULIN
RESPONSE: During this period we continued a broad study of the regulation
of IgA immunoglobulin synthesis. In these studies lipopolysaccharide (LPS) -

driven immunoglobulin synthesis of murine lymphocytes was the core of the
in vitro test system used. Polyclonal immunoglobulins produced as a result
of stimulation was measured with specific, sensitive double antibody radio-
immunoas say s

.
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In previous studies we have shown that polyclonal IgA responses were
governed by subsets of T cells which are distinct from those regulating
IgM and IgG responses. Furthermore, we have shown that the magnitude of
IgA synthesis increases as the animal matures and that this increase is a

result of the development of regulatory T cell influences which have a net
positive effect on IgA responses.

In the current studies, we sought to determine the extent to which IgA
responses required T cell helper influences. Purified B cell populations
were obtained from mouse spleen by separation techniques using Sephadex
anti-Fab columns , cytotoxic anti-T cell antibodies, as well as rosetting
techniques employing red cells coated with staph protein A and anti-Fab
antibodies. Such B cell populations were then cultured with LPS, either
alone or together with purified T cell populations added to achieve various
T/B cell ratios. We found that substantial polyclonal IgM synthesis
occurred. in the absence of added T cells but that IgM increased by as much
as a factor ot two, when T cells were added to optimum T/B cell ratios. In
contrast, very little polyclonal synthesis occurred in the absence of T cells
and that substantial numbers of T cells had to be present before any IgA
synthesis was observed at all. It was thus clear that polyclonal IgA
synthesis is more T cell dependent than IgM synthesis.

To determine if the effect of the added T cells was a nonspecific
"feeder" effect we added T cells obtained from C3H/HeJ animals as well as

C3H/HeN animals to cultures containing purified B cells and LPS. C3H/HeN
Ijrmphoid cells do not respond to LPS whereas C3H/Hen Ijnnphoid cells, although
histo-idential to C3H/HeJ cells, do respond to LPS. We found that IgA
responses required the presence of LPS-responsive C3H/HeN T cells so that
the T cell influence on IgA responses are more than a "feeder" effect.

These studies suggest that for the IgA system, responses are, in
effect, T cell dependent, even response to so-called thymic independent
antigens and mitogens. Their significance lies in the fact that the IgA
system is strictly under the control of regulatory T cells, presumably the

class-specific regulatory T cells alluded to above. This extra level of
control may well be useful to the body since the IgA system is massively
exposed to environmental antigens and mitogens in the GI tract and would
need strict regulation in order to direct responses to specific antigens
that pose a threat to the body. - - -- •

To extend our studies of the IgA system we have during the current
period developed methods for studying mitogen-induced specific antibody
responses. In this method cells are stimulated with polyclonal mitogens
and the culture supernatants are analyzed by a "radiometric" technique.
In the latter antigens are bound to plastic surface of microtitre wells
and then antibody-containing solutions and class-specific rabbit anti-mouse
immunoglobulin (Fab specific) is added in succession. We have found that
this method reliably measures picogram quantities of specific antibody in
each of the immunoglobulin classes. On the assumption that polyclonal
stimulation results in equal expansion of cell clones, this method allows
one to obtain a "f reeze-frame" snapshot of the clonal profile existing
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in various tissues after various manipulations. In this way it is possible

to study the effect of antigen-feeding on class-specific T cells in

gut-associated Ijraiphoid tissues.
In previous studies we have identified Fc receptors

specific for IgA on both mouse and human lymphoid tissues. We showed that

these receptors were specific for IgA and for the most part were found on

cells distinct from those bearing IgG-Fc receptors.
In the current series of studies we determined the distribution of

IgA-Fc bearing cells in various mouse, guinea pig and human lymphoid tissues.

As before, IgA-Fc bearing cells were detected with a rosette technique in

which IgA-coated ox red blood cells are used as the indicator cells. We

found that in all major lymphoid tissues examined IgG-Fc bearing cells are

at ten-fold greater numbers than IgA-Fc bearing cells and that spleen and

Peyer's patches are proportionately richer in both IgA- and IgG-Fc bearing

cells. In parallel studies conducted using guinea pig tissues IgA-Fc
receptor-bearing cells were most numerous among intra-epithelial lymphocytes

(7%) and least numerous among mesenteric node cells (2-3%). Using a variety
of techniques for the isolation of purified B and T cell populations it was

found that both B cells and T cells bear IgA-Fc receptors. Moreover, the

amount of polyclonal IgA production was parallel to the percentage of

B cell present which produce IgA: highest in Peyer's patch and lower in

peripheral lymph node. From these studies we concluded that IgA-Fc receptor

cells are widely distributed in lymphoid tissues although they are found more

frequently in gut-associated lymphoid tissue: Peyer's patches and intra-

epithelial l3raihocytes. Furthermore, both T cells and B cell bear IgA-Fc
receptors with the latter probably capable of IgA synthesis.

Cells bearing IgA-Fc receptors may play a critical role in the
regultion of IgA responses and may in fact be a marker for class-specific
(IgA) immunoregulatory T cells. To examine this question efforts to

purify IgA-Fc receptor bearing cells are currently under way.

(B) STUDIES IN IMMUNOLOGIC ABNORMACITIES IN PRIMARY BILIARY CIRRHOSIS -

During this period we, in association with Dr. Steven James and Dr. Tony Jones

of the Liver Section of the NIAMDD, initiated a broad study of the

immunologic basis of primary biliary cirrhosis (PBC). PBC is a progressive

disease of the liver characterized by intrahepatic cholestasis, bile duct

proliferation and periductal lymphoid infiltration. Immunologically, the

disease is characterized by 1) the presence of elevated titers of non-

organ specific autoantibodies, circulating immune complexes, complement
abnormalities and extra-hepatic autoimmune manifestations.

In these studies we studied the regulation of pokeweed mitogen
induced polyclonal immunoglobulin (Ig) synthesis of peripheral blood

cells in vitro of patients, normal controls and patients with other
liver diseases. We first established a normal profile of polyclonal Ig

synthesis Jjn vitro . This consisted of purified B cells cultures (obtained

by Sephadex anti-Fas columns) containing graded numbers of autologous
purified T cells as well as pokeweed mitogen. In concert with the studies

of others we found that cultures containing unirradiated T cells and B

cells showed progressively increasing Ig synthesis until optimal levels
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were achieved (at a 1:1 T/B cell ratio) followed by decreased Ig synthesis
at high T/B ratios. This latter effect is due to suppressor T cells in
the T cell population and is not seen when irradiated T cells are used
in the cultures, in the latter case, Ig synthesis did not fall off at
high T/B cell ratios.

A vastly different picture was obtained with the use of cells obtained
from PBC patients. In this instance, decreased Ig synthesis (for either
IgM or IgG) was not seen at high T/B cell ratios and the increase in
synthesis with increasing number of autologous T cells paralleled that
are seen with irradiated T cells. Since the amount of Ig synthesis obtained
with irradiated T cells was similar in patients and normal cultures it was
concluded that the failure to observe decreased Ig synthesis at high T/B
cell ratios was due to decreased T cell-mediated suppression rather than
to increased T cell-mediated enhancement of polyclonal Ig synthesis.

In an attempt to identify if the defect in immunoregulation in PBC
resides in the T cell or the B cell cultures containing allogeneic mixtures
of B cell and T cells were studied. In this case, we found that allogeneic
mixtures of normal T cells and B cells produced markedly less Ig than
corresponding autologous mixtures at all T/B cell ratios studied. Thus,
it seems possible that in the system studied allogeneic mixtures induce
suppressive effects on Ig synthesis. When PBC B cells were cultured with
allogeneic normal T cells the amounts of PWM-induced Ig synthesized
was entirely similar to that produced by normal B cells cultured with allo-
geneic normal T cells. Thus, we could find no evidence that PBC B cells
are different from normal B cells in their ability to undergo polyclonal
activation. In contrast, when normal B cells were cultured with allogeneic
normal T cells the amounts of PWM-induced Ig synthesized was significantly
less than that produced by normal B cells cultured with allogeneic PBC T cells.

Since in the experiments cited above which involved culture of autologous
B cells and T cells, irradiated T cells from patients with PBC and normals
caused similar amounts of Ig synthesis, we feel that the increased synthesis
seen in cultures containing normal B cells and PBC T cells is due to increased
helper T cell influence. Since allogeneic mixtures of B cells and T cells
in this system lead to different levels of Ig synthesis than autologous
mixtures, the studies of allogeneic mixtures cannot be used to confidently
answer questions concerning the cell locus of an immunoregulatory defect;

such questions must be answered utilizing mixtures of cells obtained from
patients and histocompatible but unaffected relatives of patients.

In parallel studies it was demonstrated that patients with other liver
diseases, including several with other causes of biliary obstruction, did

not have a similar immunoregulatory defect. Thus the findings above
appear to be specific for PBC among liver diseases. A similar defect

has been noted in patients with systemic lupus erythermatosis. However,
in the latter it is associated with the presence of anti-T cell antibodies
whereas in the frmer it is not.
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The cause of the immuno regulatory defect in PBC is presently unclear.

However, it is likely that this defect plays a role in the pathophysiology

of the disease. In this regard, it is possible that decreased T cell

suppressor effects may lead to the broad autoimmune response observed in

this disease.
(C) STUDIES OF GLUTEN-SENSITIVE ENTEROPATHY: Studies directed toward

understanding the pathogenesis and treatment of gluten-sensitive

enteropathy (GSE) were continued. GSE is a disease of the GI tract

associatd with malabsorption, villous flattening, lymphocyte infiltration

of the lamina propria and an increased incidence of neoplasia. It is

due to the toxic effect of wheat proteins (gliadin) on the gastrointestinal

mucosa. In previous studies we observed that approximately 80% of GSE

patients bear the HLA-B8 histocompatibility antigen. In addition, we

have shown that circulating B cells, but not T cells of patients bear a

surface antigen which is detected with antibodies found in mothers of

patients with GSE. Furthermore in family studies we have found that this

"B cell antigen" is inherited independently of the HLA antigens and may

therefore be the gene product of a non-HLA-linked gene necessary for the

occurrence of GSE.

In collaboration with Dr. S. Pena of the University of Leiden we

have now examined fixed gastrointestinal tissue of patients with GSE

as well as numerous control tissues for the presence of HLA and "B cell"

antigens. In these studies we have employed anti-HLA antibodies including

D locus specific antibodies as well as maternal serum from several sources

and monkey serums obtained from rhesus monkeys immunized with purified

B cell populations obtained from GSE patients. In the detection system

employed, we utilized fixed tissues obtained by intestinal biopsy of

patients overlayered with test serxim as well as fluoresceinated Staph A

protein as the developing reagent. We found that using maternal antisera

about half of the patients but only 10% of control tissues showed positive

staining reactions. The staining occurred in the Golgi zones as well as

on the epitherlial cell membranes. Similar results with somewhat higher

normal values were obtained with the monkey anti B cell antisera. The

staining occurred in all patients whose tissue also was positive with

anti-HLA-DW3 antiserum but the latter was also positive in a number of

tissues which were negative with the maternal or monkey antisera.

These data indicate that the non-HLA linked "B cell antigens"

previously present on peripheral cells are also present on gut epithelial

cells, the site of tissue injury in GSE. This increases the likelihood

that the antigen recognized by these antiserums play a role in the patho-

genesis of disease.
(D) STUDIES OF LIVER MACROPHAGES: The liver macrophage (Kupffer cell)

is an important component of the gastrointestinal immune system, cited

as it is, directly in the path of ingested and absorbed macromolecules.
The present series of studies were directed at learning more about the

immunologic function of this cell in the normal and pathologic state.
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In initial studies we devised a technique for the isolation of Kupffer
cells from the liver. In this technique the mouse liver is first perfused

in vitro with collagenase to flush out circulating blood elements and to

begin digestion of the liver reticular framework. Next, the liver is

removed, passed through a grid and the tissue obtained incubated with
collagenase and DNAase to obtain a single cell suspension. At this point

the suspension is subjected to differential sedimentation on a Metrizamide
gradient to separate parenchymal cells from Kupffer cells and endothelial
cells, after which the former are separated from the latter by glass

adherence. The resulting Kupffer cell population contains 80% phagocytic
cells, 79% esterase-positive cells and >95% Fc receptor-bearing cells.

In initial studies the purified Kupffer cell population was examined

for the presence of various surface markers important to the immune
response. It was found that Kupffer cells bear Fc receptors for IgG,

but not IgA, unlike marcophages obtained from other tissue sources.

In addition, in collaboration with Dr. J. Klingenstein of Immunology

Branch, we determined that 40-60% of murine Kupffer cells bear la antigens,
mapping in the I-A and I-E/C subregions of H-2. These latter studies

were done with antisera raised in recombinant mouse strains following
injection of cells obtained from mice who differed only in the la region

of the genome. Developing antisera consisted of rabbit F(ab' )£ anti-mouse
immunoglobulin.

In collaboration with Dr. Jay Berzofsky of the Metabolism Branch, we

have performed extensive studies of the functional capacity of murine

Kupffer cells in proliferative responses to antigens. The test system
used depends upon the fact that primed lymphocytes require accessory cells

(macrophages) to respond in vitro to immunizing antigen. Thus, cell

populations may be obtained from primed mice, macrophage-depleted by

passage our nylon columns and then repleted with test macrophages to study

the functional capacity of the latter. Us,ing such a system, macrophage-
depleted lymphocytes were obtained from either ovalbumin or myoglobin
immunized mice and set up in culture with increasing numbers of Kupffer
cell and other macrophage sources. It was found that Kupffer cell

populations were excellent reconstituting cells for proliferative
responses to specific antigen. Furthermore the reconstituting cell in

the Kupffer cell population was radiation resistant and unaffected by

pre-treatment with anti-T cell antiserum (anti Thy 1.1 + C), facts

which indicate that the reconstituting cell has the charcteristics
of a macrophage.

In further studies it was shown that interactions between Kupffer
and responding lymphocytes are under _Ir gene control. This was shown by

the fact that the response to whole myoglobin in autologous reconstituting
mixtures of Kupffer cells and Ijrmphocytes were either high, intermediate

or low depending on the source of the cells: populations obtained from

animals who manifest high antibody responses to myoglobin _in vivo (mice

with the d haplotype in I-A and I-C ) gave high responses in_ vitro
,

whereas animals who manifest low antibody responses to myoglobin Jji vivo
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(mice with the b haplotype in I-A and I-C ) gave low responses. This
pattern was specific for myoglobin and was not observed when ovalbumin
was the antigen used.

In a final series of studies the above system was used to determine
if the genetic origin of the macrophages (in particular the Kupffer cell)
determines the phenotype of the immune response. In this case, Kupffer
cells were obtained from variety of recombinant strains (identical
except for H-2) which manifest a spectrum of responses which reflect the

haplotype of genes in la region of H-2. These were used to reconstitute
macrophage-depleted lymphocytes obtained from F^ mice which were entirely
histocompatible with the reconstituting Kupffer cells and which contained
both high responder and low responder Lr genes. It was found that the
response of the F^ lymphocytes depended on the source of the reconstituting
Kupffer cells: Kupffer cells from mice bearing high responder H-2
alleles gave high responses whereas Kupffer cells from mice bearing low
responder alleles gave low responses. These results were extended to
studies of fragments of myoglobin and ultimately it was shown that
responses to fragments as well as the whole molecule depended on the la

alleles present in different parts of the la region.
These studies establish that murine Kupffer cells are capable of

exquisite specificity in their interaction with l)niiphocytes. We presume
that such specificity is dependent upon the fact that T cell recognition
of antigen occurs in association with recognition of la specificities
controlled by genes in H-2. In this way the presenting cell (Kupffer
cell) determines which antigen will be recognized and an immune determinant.
Furthermore, these studies establish that Kupffer cells are fully capable
of mediating immune responses and they set the stage for studies of

Kupffer cell activities in interactions where the immune system has been
manipualted in various ways.

Significance to Biomedical Research ;' The studies conducted during
the past year have clarified our understanding of normal and pathological
immune function at mucosal sites, particularly the GI tract.

At the basis immunologic level we have shown that a special sub-class
of T cells regulate IgA synthesis. Such regulation is required even in
the case of polyclonal IgA production induced by agents previously felt
to be pure B cell stimulants such as LPS. Since the mucosal environment
is replete with B cell antigens and mitogens, the necessity for a T cell
influence in the interaction of IgA responses increases the level of

control the organisms can conceivably have on responses at mucosal surfaces:
antigenic and mitogenic signals must have affects on T cells as well as B

cells before IgA is synthesized. This fact also emphasizes the importance
of class specific regulatory T cells, inasmuch as these T cells would be
required for IgA immune responses.

Our studies of IgA Fc receptors have defined a new class of T and
B cell receptors which play a special role in the regulation of IgA
responses. Indeed, studies mentioned here indicate that IgA-Fc bearing

816



ZOl CB 04014-09 MET

cells are particularly nvnnerous in mucosal tissue, the site of IgA synthesis
and it remains possible that IgA Fc bearing T cells are the class of
regulatory T cells alluded above.

Studies with Kupffer cells also have considerable significance to

the GI tract immune response. In this regard we have shown that Kupffer
cells can act as macrophages capable of reconstituting proliferative
response to specific antigen. The macrophage-lyraphocyte interactions
are under the control of genes in the H-2 region of the of the gernome
and the genetic source of the Kupffer cell determines which antigen
responses can be produced. Thus the fine specific of the immune response
is inherent in the Kupffer cell and the latter is therefore capable of

playing a central role in response to antigen and antigen fragments
which enter the body through the GI tract.

Studies of primary biliary cirrhosis have significance to the
understanding of the disease, per se, as well as autoimmune diseases
generally. In the past year we have shown that patients with this disease
have a defect in the suppression of polyclonal Ig production normally
observed at high T/B ratios. This defect is most likely due to a
suppressor T cell defect since 1) B cells from patients respond normally
to allogeneic T cell help and 2) irradiated PBC T cells, functionally
devoid of suppressor cell capability are equal to unirradiated normal
T cells in producing help. PBC therefore takes its place along side
lupus erythematosus as an autoimmune disease associated with a suppressor
cell defect. The role of such a defect in the pathogenesis of autoimmunity
remains obscure. It is possible that genetic or environmental factors
(viral infection) can lead to a suppressor T cell abnormality and this,
in turn, leads to autoimmunity. Alternatively, it is possible that the
suppressor T cell abnormlaity is a resit of pre-existing autoimmunity,
and is cause by circulating anti T cell antibodies. Further studies
of PBC will be necessary to assess the role of suppressor T cells in
autoimmune study.

Studies of gluten sensitive enteropathy have promise to provide
insight into the nature of immune responses, particularly those occurring
within the GI tract. We have shown that this disease is associated with
certain HLA antigens as well as other genetically-determined lymphcyte-
macrophage antigens not associated with the HLA system. In current
studies we have shown that the latter class of antigens are present on
gut epithelial cells. This increases the possibility that those antigens
form part of the cell surface structure recognized by immune effector
cells in the course of local cytotoxicity reactions. It is now recognized
that the HLA antigens associated with GSE (HLA-B8, HLA-DW3) are found in

a host of diseases in which abnormal antigen responses are seen. It

seems likely that these common HLA antigens interact with other more
specific environment and genetic factors in the production of particular
diseases. The GSE-associate antigen on B cells and gut epithelial cells
may be just such a specific genetic factor.
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Proposed Course ; 1) Efforts to identify the nature of class specific

regulatory T cells will be made. In particular, we will study the role of

T cells bearing IgA-Fc receptors on IgA responses (as well as IgG-Fc

receptors on IgG responses). T cells and B cells will be exposed in vitro

with Fc fragments of IgA which, in preliminary studies have been shown to

stimulate cell proliferation. The stimulated T cells will then be maintained
in continuous culture using mitogen induced growth factors. Finally the
cells in continuous culture will evaluated for the presence of IgA and/or
IgG Fc receptors and studied under a variety of conditions as to their
capacity to help/suppress polyclonal IgM, IgG and IgA synthesis as well as

polyclonally-activated specific antibody synthesis. In the latter instance
a new radiometric assay has been developed which allows quantitation of

picogram quantities of antibody in each of the major Ig classes. 2) Macrophage
function in the mucosal immune systems: the role of macrophages in the

Peyer's patches as well as Kupffer cell-macrophages will be assessed under
a variety of experimental conditions. In particular, the capacity of Peyer's
patch macrophages to act as antigen-presenting cells will be assessed by
reconstituting antigen-primed macrophage-depleted spleen T cell populations
with Peyer's patch macrophages and antigen as well as macrophages from other
sources together with antigen. In addition antibody production by

macrophage-depleted B cell-T cell cultures reconstituted with Peyer's patch
macrophages will be measured using the radiometric assay alluded to above.
Finally, the capacity of Kupffer cell-macrophages to reconstitute T cell
proliferative responses will be measured in animals pre-fed with an antigen
are therefore unresponsive to that antigen. 3) Primary biliary
cirrhosis (PBC): the defect in immunosuppression in PBC will be further
explored to determine the cellular locus of the defect. Cultures containing
T and B cell combinations obtained from HLA-matched siblings of patients
will be set up, in these cultures of syngeneic cells allogeneic interactions
will not occur and the function of patient T and B cells can therefore
be evaluated. For instance, the ability ©f HLA-matched T cells obtained
from normal individuals to suppress Ig synthesis of PBC B cells as well as

the ability of PBC T cells to suppress HLA-matched B cells can be determined.
In other studies the ability of PBC patients' cells to display autologous
mixed luekocyte reaction (MLC's) will be studied. In such studies T cells
(responder cells) are isolated and mixed with autologous B- celis-raacrophage
(stimulator cells), and proliferation in the responder cells measured by
labeled thymidine incorporation. In preliminary studies it was shown
the PBC patients' cells generate reduced autologous mixed luekocyte
reactions and this will be further substantiated in additional studies. The
autologous and allogeneic mixed luekocyte reactions will be exploited to
determine if such reactions are necessary for the generation of suppressor
cells active in the suppressor of polyclonal Ig synthesis as indicated above.
In particular, PBC T cells will be pre-stimulated by exposure to syngeneic
(autologous) and allogeneic stimulator cells to determine if suppressor
effects can be restored by such treatment. Finally, the role of circulating
anti-T cell antibodies in the generation of reduced suppressor activity will
be studied. In these experiments, patient serums will be assayed for
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the presence of such antibodies and the capacity of such serum to influence
T cell regulatory activity of nortoal T cells will be evaluated. Since
anti-T cell antibodies have already been found to influence suppressor
activity in lupus erythematosus, the presence or absence of such antibodies
in PBC will have particular importance.
4) Studies of immunoregulation in Crohn's disease: using techniques
similar to those employed in the study of PBC patients, purified
population of T cells and B cells obtained from Crohn's Disease
patients will be obtained and cultured in the presence of polyclonal
activators. In preliminary studies it has been shown that whereas
cultures of purified B and T cells obtained from patients with Crohn's
disease do not synthesize Ig, unseparated B and T cell cultures do synthesize
Ig. This may be due either to activation of suppressor cells or to removal
of helper cells during the cell purification procedure. These possibilities
will be actively explored. 5) Studies of patients with gluten-sensitive
enteropathy: ongoing studies of gluten-sensitive enteropathy will be
continued. In particular, peripheral cells obtained from patients will
be obtained and cultured _in vitro with polyclonal activators to determine
whether or not patients display systematic differences from normals with
regard to their ability to manifest normal T cell regulatory ability.
In other related studies, the regulation of specific responses in patients
will be studied using radiometric assay as indicated above. Specifically,
cells obtained from patients with GSE as well as normals will be assessed
as to their capacity to mount specific antibody responses in vitro when
stimulated with relevant antigens and polyclonal activators. Such antibody
responses will also be studied during periods when cells are exposed to

specific anti-HLA antibodies and anti-B cell antibodies since particular
HLA and B cell specificities have been associated with this disease.
These studies should shed light on the role of HLA and B cell antigens
in disease pathogenesis.
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SUMMARY OF WORK (200 words or less - underline keywords)

This study is directed toward determining mechanisms important to the
development and function of humoral and cellular immune responses ; the
nature of deficiency in immune function in patients with primary immunodefiency
or immunodeficiency secondary to malignancy; and developing approaches to

porphylaxis and/or therapy of infections and neoplastic disease associated
with immune processes.
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Project Description

Objectives : The objectives of this study were to determine mechanisms
important to the development and function of both humoral and cellular immune
response in animals and man; to determine the nature of the deficiency in
immune function characterizing such disease states as hypogammaglobulinemia,
ataxia telangiectasia, the Wiskott-Aldrich syndrome, intestinal lymphaciec-
tasia, and advanced malignancy; and, to develop approaches to prophylaxis
and/or therpay of the infections and neoplastic disease frequently associated
with defective immune processes. This work is directly related to Objective 2,

Approach 1 of the National Cancer Plan.

Methods Employed ; Antibody responses of experimental animals and man
were determined after immunization with bacterial vaccines such as brucella
abortus, S. typhosa, and pertussis; with particulate cellular antigens such
as sheep, burro, and chicken RBC's; with purified protein antigens such as
KLH, diphtheria and tetanus toxoids, guinea pig- -globulin and bovine- -

globulin; with purified polysaccharide antigens such as penumococcal poly-
saccharides types I, II, III and the V^ antigen of E. coli. The antibodies
were detected by standard techniques or by newly developed micro methods for
bacterial agglutination, red cell hemolysis, and passive hemagglutination
using CrCl3 as an agent to couple the antigens to a carrier RBC surface.

Cellular immune responses were measured by delayed hypersensitivity skin
tests, contact sensitivity to DNCB , and skin allografts. Ljnnphocyte transfor-
mation in. vitro was carried out utilizing non-specific mitogens such PHA, PWM
and staph filtrate; specific antigens such as SLO, SKSD, diphtheria and tetanus
toxoids, KLH and Candida albicans; and allogeneic cells in mixed leukocyte
culture. Ljmiphocyte function ±n vitro was also measured by production of
mediators of cellular immunity such as lymphotoxin, MIF, and lymphocyte
derived chemotactic factor for monocytes (LDCF) and cytotoxicity reactions
with antibody sensitized target cells or with non-specific mitogen activated
effector lymphocytes. Immunoglobulin secretion by activated lymphocytes was
measured by a newly developed reverse hemolytic plaque assay.

Studies of the characterisitcs of various cell surface receptors on
immunocompetent lymphocytes and monocytes-macrophages utilized auto-radiography,
immunofluorescence microscopy, and cellular rosette formation.

Major Findings :

Mechanisms of iramunoregulation of the interactions of immunocompetent
cells has been a major interest of the Cellular Immunology Section for
several years and a variety of techniques and model systems have been
developed for these studies. Recently an entirely new approach to the
investigation of B cell differentiation has been developed which permits the
precise quantitation of the numbers of lymphoid cells secreting each class of
immunoglobulin. This technique, called the reverse hemolytic plaque assay
(RHPA), has been employed in studies of normals and patients with a variety
of immunodeficiency, autoimmune and malignant disorders.

822



ZOl CB 04015-09 MET

Initially, studies of peripheral blood demonstrated the presence of a

lymphoid cell subpopulation actively secreting immunoglobulin in normal

subjects. Cells secreting IgG, IgA or IgM were each identified in normals.

Studies of patients with agammaglobulinemia revealed a lack, of such IgSL

for any Ig class in the blood while patients with selective IgA deficiency

were found to lack IgA secreting cells while having normal numbers of cells

secreting IgG and IgM. Significantly increased numbers of IgG and IgA

secreting cells were found in the blood of patients with active systemic

lupus erythematosus and the increase in IgG secreting cells in this disorder

was shown to have the highest degree corelation with disease activity of any

laboratory test for SLE including anti-DNA antibodies.

The lung is a major site of pathology in patients with immunodeficiency

and a variety of autoimmune disorders. A series of studies demonstrated

that immunoglobulin secreting cells are also a normal constituant of the

lymphoid cells obtained from the lung by bronchialalveolar lavage. In normal

subjects, IgA secreting cells are much more prominent in the lung than in

the blood. In patients with lymphoid granulomatosis or sarcoidosis associated

with pulmonary manifestations, the nvimber of immunoglobulin secreting cells

obtained by bronchialaveolar lavage was dramatically increased to up to

100 times that found in normals. In addition, cells secreting IgE were

prominent in the lavage cells from these patients with allergic symptoms.

Thus, these immunoglobulin producing cells present as a normal component of

the free cells in the alveolar space may play a previously unrecognized

role in local lung immune defense and furthermore may contribute to the

pathologic process occuring in the lungs in autoimmune and allergic

disorders.
The reverse hemolytic plaque assay was also used to study the activation

and differentiation of cells of the B lymphocyte series in vitro. Kinetic

studies of the presence of Ig secreting cells in cultures of blood

Ijnnphocytes stimulated with the polyclonal mitogen pokeweed mitogen

showed that on day 3 of culture an exponential rise in the number of IgSL

began and the response peaked at 6-8 days of culture with approximately

15,000 IgSL being detectable. This response was shown to be dependent upon

the interaction of T cells, B cells and macrophages in these cultures. Cells

from patients with agammaglobulinemia failed to respond to such cultures.

Co-cultures of normal cells with cells from a subset of patients with agamma-

globulinemia resulted in strikingly diminished responses as the result of

hyperactive suppressor T cells present in the blood of these patients. The

kinetics of IgSL appearance in these co-cultures showed that the exponential

increase in IgSL began normally but was aborted abruptly between days 4 and 5

of culture. Since the suppressor cells must be present from the initiation

of cultures, these observations suggest that the suppressor T cells act on an

early stage in B cell differentiation but that their effect does not become

apparent until after the B cells have begun to divide and differentiate into

immunoglobulin secreting cells. Still another group of patients with agamma-

globulinemia were found to produce immunoglobulin normally in our culture

system despite their profound defect ^n vivo. These cultures were performed

in fetal calf serum supplemented media and when the patients own serum was
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added to Che cultures a suppressed response was observed. Thus, we have
demonstrated that a subset of patients with agammaglobulinemia have a

circulating humoral immunosuppressive factor which may account for their
profound immunodeficiency.

The Epstein-Barr virus (EBV) is the etiologic agent of acute infectious
mononucleosis (IM) in man and has been closely associated with African
Burkitts Ijraiphoma, nasopharyngeal carcinoma and rare cases of agammaglobulinemia.
The virus is unique among human pathogens in that it specifically infects
cells of the immune system, the B lymphocytes, and transforms these B cells
into perminantly growing cells lines in culture. We studied the effect of

EBV on human peripheral blood lymphocytes in culture utilizing the RHPA.
EBV added to lymphocytes in culture induced the B cells to differentiate
into cells actively secreting each class of immunoglobulin. Cell separation
experiments demonstrated that EBV induced activation of B cells was totally
independent of T lymphocytes in contrast to pokeweed mitogen which is

dependent on T cells for its activation of B cells. B cell activation
by EBV is not entirely free of influence of T cells, however. T cells from
EBV seropositive donors, but not from seronegative donors, cause a late
acting suppression of B cell activation. This suppression appears after
8-10 days in culture and may prevent or markedly delay the transformation
of these cultures into perminant cell lines.

Another and more striking influence of T cells on EBV induced B cell
activation was found in patients with acute infectious mononucleosis.
During the first week of infection, markedly elevated numbers of immuno-
globulin secreting cells were found in the blood of thee patients associated
with acutely elevated serum immunoglobulin levels. Then, profound
suppressor T cell activator appeared in the blood of these patients.
These suppressor T cells are intensely active and J^ vitro inhibit B cell
activation by both EBV and pokeweed mitogen. Following the appearance
of these supressor T cells, the number of immunoglobulin secreting cells
in the blood of IM patients falls to very low levels, returning to normal
only after the suppressor T cell actively has disappeared associated with
clinical recovery. In this disease, suppressor T cells appear to serve
a unique role in host defense by inhibiting the proliferation and activation
of the target cell of the virus and thereby limiting virus propagation.

The human neonate has been repeatedly shown to have deficient immune
responses. We studied cord blood lymphocyte responses in vitro to

determine the competence of B cells, monocytes and helper and suppressor
lymphocytes in the human newborn. Cord blood lymphocytes responded to

stimulation with EBV with normal IgM production iM vitro , but showed no
IgG or IgA synthesis. By contrast pokeweed mitogen stimulated cultures
produced no Ig of any class. Co-culture mixtures of cord blood Ijmiphocytes
and adult lymphocytes stimulated with PWM also demonstrated failure of

Ig production indicating that cord blood cells contain a PWM inducible
suppressor T cell not normally observed in adults. Although purified cord
blood B cells produced only IgM in culture, cord blood T cells, treated
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with 2000 rads to eliminate the suppressor T cell activity, were able

to provide helper activity to adult B cells for production of IgG, IgA

as well as IgM. Thus, these studies have demonstrated two abnormalities

in the function of lymphoid cells from the human neonate, excessive T

suppressor cell precursors and B lymphocyte response restricted to IgM.

Studies defining functionally distinct subpopulations of T and B

lymphoid cells have spurred the search for cell markers which will

allow identification and purification of these subpopulations. Cell surface

receptors which will bind the Fc portion of IgG have been recognized

to exist on monocytes and PMN's. More recently, such Fc receptors have

been found on lymphocytes as well. Among the T cells, a subset of cells

possess Fc receptors for IgG (called T cells) and another subset has

receptors for IgM (called T ). We have now found a third subset of

T cells with receptors for IgA, the T cell. Approximately 7% of peripheral

blood T cells are T cells. This subset of T cells is relatively

distinctive among the T cell subsets in that it has a poor proliferative

response to mitogens such as PHA and PWM. It also responds poorly to

allogeneic cells in the mixed Ijnnphocyte reaction (MLR). T cells can

function as helper cells for the production of immunoglobulin by B cells,

but this helper activity is also much lower than that provided by the

other T cell subsets.
In addition to T cells with receptors for IgA, we have also found

a subset of B lymphocytes which bear Fc-IgA receptors. Furthermore, another

IgA receptor bearing cell was found within the lymphocyte populations defined

as non-T, non-B or null lymphocytes. The functional significance of such

Fc receptor bearing lymphocyte subsets is currently under intensive

investigation in our laboratory.

One of the striking differences between the T and T subsets is

the response of these cells to pharmacologic agents affecting cyclic

nucleotide metabolism. The T subset contains about 15 times more cAMP

than does the T subset following stimulation with theophyline and

prostaglandin E2. This remarkable cAMP response is dependent upon both

stimulation by the pharmacologic agents and stimulation of the T Fc

receptor with IgG antibody-antigen complexes, neither stimulant alone

being sufficient to induce high cAMP synthesis. Since it has been suggested

that the T and T subpopulations of T cells have opposing functional

properties, i.e. suppressor vs. helper activity respectively, this

modulation in cyclic AMP metabolism may play an important role directing

these opposing cellular functions.
Studies of the immunoregulatory role of T cells have been continued

in an animal model of humoral immunodeficiency. In the chicken, a central

lymphoid organ, the Bursa of Fabricus is the site of initial, differen-

tiation and development of B lymphocytes. If the Bursa is removed in a newly

hatched chicken before B cells have emigrated to peripheral lymphoid

organs, the chicken develops agammaglobulinemia. This immune deficiency

state is characterized by total absence of B lymphocytes, immunoglobulins

in the serum and secretions are undectable, and all lymphoid tissues lack

their characteristic components associated with the system of humoral immunity.
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T cells obtained from these birds were found to exert a profound effect
on the humoral immune system when they were transplanted into normal
birds. Recepients of T cell grafts from agammaglobulineraic donors were
found to have impaired antibody responses and to frequently develop agamma-
globulinemia themselves. This transplantable or "infectious agammaglobulinemia"
was found to be caused by suppressor T cells present in the transplanted
cells from the original bursectomized donor. Thus, these recepient chickens
had developed an immunodeficiency state closely paralleling that seen in
many patients with common variable hypogammaglobulinemia who also have
persistence of B lymphocytes and evidence of excessive "suppressor T cell"
activity.

Dysgammaglobulinemia in man is a disorder characterized by the deficiency
of one or more classes of immunoglobulin with persistence of normal levels of

the other immunoglobulins. When T cells from various agammaglobulinemic
chickens were transplanted to normal recipients in limiting dilution assays,
recipient birds were found to develop dysgammaglobulinemia with selective
loss of only one class of immunoglobulin. The deficiency which ultimately
developed in the recipient birds varied from donor to donor suggesting that
suppressor cells for each individual class of immunoglobulin are present in
the donors and that the predominant suppressor cell class is revealed by the
limiting dilution assay. Antibody responses in the dysgammaglobulinemic birds
were present in the non-suppressed Ig classes and as in the birds which devel-
oped agammaglobulinemia following transplantation, B cells continued to be

present bearing the immunoglobulin of the suppressed Ig class. This Ig class
specific suppression also closely parallels immune deficiency disorders seen
in man and provides an excellent experimental model to further investigate the
role of T cell regulation of Ig production and may allow the development of

therapeutic approaches for the correction of such deficiencies in man.

Significance to Biomedical Research : The present studies extend our
understanding of the diverse, yet interrelated mechanisms contributing to the

development and normal functioning of immune system in animals and man. They
indicate that disorders of immune function may be related to the absence or

malfunction of such central l3niiphoid organs as the thymus or Bursa of

Fabricus or to immaturity of such auxiliary systems as the macrophage required
for the processing of antigens in the intiation of an immune response. In
addition, they indicate that immunoregulatory cells and humoral factors may
have a profound effect on the function of the immune system both in health
and disease. These studies have also provided new insights into some basic
defects in accessory immune elements which provide new avenues for work
designed to correct malfunctions in immunity in malignant and immunodeficiency
disorders.

Proposed Course : Continuing studies directed toward understanding the

normal pathways involved in the development and function of the immune system
and application of this new knowledge in approaches to the prevention and
therpay of malignant disease.
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A radioimmunoassay for multiplication stimulating activity (MSA) has

been utilized to show that levels of MSA in fetal rat serum are 20-50

fold higher than in maternal rats. The elevated levels of MSA in fetal

rat serum gradually decline to maternal levels by day 15-20 of extrauterine

life. A serum somatomedin binding protein has been shown to be growth
hormon dependent in man utilizing growth hormone deficient patients before

and after growth hormone treatment.
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Project Description ;

Objectives : The understanding of normal growth may be a prerequisite
to understanding malignant growth. One experimental model for the study of
normal growth has been the growth hormone treated hypophysecctomized rat.
It has been proposed that the anabolic action of growth hormone is mediated
by a second circulating protein designated somatomedin. The object of this
project is to purify somatomedin, develop ^ vitro tissue culture systems
responsive to somatomedin and study the sequence of biochemical events
accompanying growth.

Methods Employed : Somatomedin (MSA or multiplication stimulating
activity) is being purified from the conditioned medium of rat liver cells
in culture using ion exchange chromatography, gel filtration and
preparative disc acrylamide electrophoresis. Serum starved cells in
culture are being utilized to study the action of MSA. DNA synthesis is
measured by incorporation of treated th37midine into DNA. Cell surface
receptor radioimmunoassay and serum somatomedin binding protein studies
utlize iodinated MSA as radioligand. Fetal rat liver organ culture is
employed to study MSA production. A radioimmunoassay employing 5I-
labeled MSA and rabbit antibody is used to measure levels of MSA in rat
sera and fetal rat liver organ culture media.

Major Findings ;

A radioimmunoassay for MSA has been utilized to show that MSA levels
are as much as 20-50 fold higher in fetal rat serum than in maternal
serum or serum from lOOgm male rats. This finding is in contrast to
results of assays which measure other members of the somatomedin family
and suggest that of the somatomedin family of polypeptides, MSA may be a
fetal growth factor, while that other somatomedins assume importance in
later life of the rat.

MSA has also been shown to be produced by a fetal rat liver explant
culture system. MSA production may represent as much as 1% of total
protein being synthesized by the fetal rat liver explant system.

We have previously demonstrated that a serum binding protein for
somatomedin is growth hormone dependent in the rat. These findings have
been extended to man. Ten growth hormone deficient patients have been
studied before and after growth hormone treatment. Using 125^bg2g(j ^SA
to measure binding capacity in the serum, we have shown that the binding
protein is low in the growth hormone deficient patients and increases
following growth hormone treatment.

Significance to Biomedical Research :

The finding of high levels of the somatomedin- like polypeptide MSA
in fetal blood raises the question of whether or not MSA plays a role in
fetal growth. Control of fetal growth is only poorly understood at the
present time. The definition of growth factors required for the growth
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of cells in tissue culture contributes to the ultimate goal of producing
completely defined media for tissue culture work. The existence of a serum
binding protein for somatomedin is a unique finding for polypeptide
hormones, raising the question as to the role of this binding protein in
the anabolic action of somatomedin.

Proposed Course :

MSA will be purified in sufficient quantity for amino acid sequencing
(to be performed in the laboratory of Darrell Liu, Bureau of Biologies).

The MSA radioimmunoassay will be utilized to determine whether the
fetal/maternal relationship in rat serum applies to other species. The
MSA radioimmunoassay will also be utilized to measure tissue levels in
the rat fetus.

Growth hormone deficient mutant mice and rats will be treated with
MSA to see whether or not MSA can reproduce anabolic effects of growth
hormone ±u_ vivo . Utilizing organ culture and tissue culture the anabolic
effect of MSA will be examined ±n vitro in the rat fetus.
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Studies were undertaken to investigate the immunologic responsiveness of

normal invidivuals and patients with immunologic disorders as well as

experimental animals serving as models of human diseases.
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Project Description:

Objectives : Studies were undertaken to investigate the biology of
immunologic responsiveness in normal individuals as well as patients with
a variety of primary and secondary immunodeficiency diseases and disorders
suspected of being the result of immunologically-mediated processes.
Insight was sought into the mechanisms underlying perturbations of immuno-
logic function present in these patients particularly those defects leading
to an increased incidence of neoplasia. Animal models of particular
relevance to human diseases were also studied.

Methods Employed ; Emphasis was placed on defining the morphological
and functional characteristics of various leukocyte and lymphocyte
populations. For these studies, separation procedures based on the
presence of certain surface receptors on only sub-populations of cells were
employed to generate highly purified leukocytes and lymphocyte sub-populations.
Techniques employed consisted of fractionation of cells over insolubilized
immunoabsorbents including Sephadex G-200 anti-Fab, plastic-adherent anti-Fab,
and plastic adherent antigen-antibody complexes. Other cell separation
techniques employed erythorcytes coated with various proteins, which,
following interaction with cells bearing receptors for the specific proteins
result in dense erythrocyte- l5rmphoid aggregates (rosettes) that may be
separated from non-rosetting cells by buoyant density centrifugation.
These separation techniques have been utilized in series and in parallel
to yield highly purified sub-populations of cells for structural and
functional analysis.

Methods were developed to obtain lymphocytes from the gastrointestinal
mucosa of experimental animals. Using combinations of physical and
enzymatic treatments of the mucosa, two populations of lymphocytes were
obtained from the small intestine of Guinea pigs and chickens: 1) the
intraepithelial lymphocytes (lEL) derived -from within the mucosal
epithelium, and 2) the lamina propria lymphocytes. These two sub-populations
of Ijnnphocytes from the diffuse gastrointestinal lymphoid tissue were
compared in morphologic and functional assays with lymphocytes from the
organized gut-associated lymphoid tissues (Peyer's patches, appendix and
mesenteric Ijmiphnodes) and non-gastrointestinal lymphoid tissues (spleen,
peripheral blood).

The functional analysis of isolated leukocytes and lymphocytes was
primarily directed toward defining the cytotoxic effector potential of

these cells. A variety of target cell types were employed in assays of
"natural" cytotoxicity (NC) or "spontaneous" cytotoxicity (SCMC), cell
-mediated antibody-dependent cellular cytotoxicity (ADCC) and mitogen-induced
cellular cytotoxicity (MICC). In addition to these cytotoxicity assays
which are mediated by non-immune lymphoid cells, three new assays which
detect the cytolytic activity of antigen-specific, immune, human peripheral
blood T-cells were established. In the first assay, cytolytic T-cells
possessing receptor specificities for allogeneic and major histocompatibility
complex (MHC) determined cell-surface antigens are generated during
seven days of in vitro oneway mixed leukocyte culture. In such cultures,

834



ZOl CB 04017-03 MET

responder l5nnphocytes containing alloreactive cytotoxic T-lymphocyte

(CTL) precursors proliferative and mature into cytolytic effectors when

immunized _in vitro with allogeneic lymphocytes whose proliferative capacity

has been blocked by irradiation. These cytotoxic T-cells are termed

alloimmune CTL. In the second assay, cytolytic T-cells with receptor

specificities for a chemical hapten (trinitrophenol-TNP ) and self MHC
encoded cell surface products are generated during J^ vitro cultures in

which responder lymphocytes are first primed with haptenated autologous

leukocytes for seven days and then restimulated for five additional days

with fresh haptenated autologous leukocytes. In the third assay, cytolytic

T-cells with receptor specificities for influenza virus antigens and

self-MHC determined cell surface products are generated by culturing
responder l5miphocytes with influenza virus ±n vitro for seven days. The

cytolytic T-cells produced in these latter two assays which possess

receptorCs) for both foreign antigen and autologous MHC antigens are

termed self-MHC restricted CTL.

Additional assay methods to measure the immunologic products of bone

marrow derived l5nnphocytes (B-cells) were also developed. Immunoglobulin

secreting B-cells and their progeny in Guinea pigs were detected using a

reverse hemolytic placque forming cell assay involving Staphlococcal

Protein A coated sheep red blood cells. Furthermore, solid phase radio-

immunoassay techniques to measure both antigen-specific and polyclonal

immunoglobulin secretion by human peripheral blood B-cells have been

developed.
Morpholgic analysis of mononuclear leukocyte sub-populations have

included enumeration of macrophages by latex phagocytosis assays and

staining for non-specific esterase. Bone marrow derived lymphocytes

(B-cells) were enumerated by direct and indirect immunofluorescent staining

for several cell surface characteristics including surface immunoglobulin

(sig), receptors for the Fc portion of complexed immunoglobulin (Fc receptors)

and genetically controlled alloantigens (B-cell alloantigens-Ia alloantigens)

.

B-cells were also enumerated by rosetting techniques employing IgM antibody

and complement coated erythrocytes (complement receptors). Thymus- derived

lymphocytes (T-cells) were enumerated by their surface receptors for sheep

erythrocytes. T-cells were further separated into sub-populations on the

basis of Fc receptors for IgM (Tj^) or IgG (Tq). Additional sub-populations

of cells (K-cells, NK cells) were defined by the lack of receptors

characteristic of macrophages, B-cells and T-cells and the presence of high

avidity Fc receptors.

Major Findings : Cytotoxic Effector Potential of Isolated Leukocyte

and Lymhocyte Sub-Populations: Studies were continued to define the

surface characteristics and cytolytic repertoire of several leukocyte

and Ijmiphocyte sub-populations.
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Cell-mediated cytotoxicity directed against antibody-coated target
cells is termed antibody-dependent cellular cytotoxicity (ADCC). Previous
studies demonstrated that when rabbit antibody coated chicken erythrocytes
were used as targets, several types of human effector cells including
lymphocytes (K-cells), polymorphonuclear leukocytes, and monocytes could
mediate ADCC. However, in certain other ADCC assays cytotoxic effector
activity was restricted to only one of these potentially lytic cell types.
Thus when rabbit antibody coated human Chang cells were used as targets,
Ijmiphocytes (K-cells) but not macrophages mediated ADCC; and when human
anti-blood group antibody coated human erythrocytes were employed as
targets, monocytes but not K-cells mediated ADCC. Studies were therefore
undertaken to determine if the lack of K-cell mediated lysis of alloantibody
coated human erythrocytes was due to the antibody used to coat these
targets or due to the target cells themselves. To address this question,
human erythrocytes were haptenated with TNP and a variety of xenogeneic
anti-TNP sera were tested for their ability to effectively coat these
target cells for K-cells lysis. Anti-TNP sera from monkeys, goats and
rabbits were all found to support K-cell mediated ADCC lysis of TNP-modified
human erythrocytes. Certain other human alloantisera directed against
native membrane constituents (RhD) of human erythrocytes were also
capable of coating target cells for K-cell mediated ADCC. Therefore, the
type of anti-target cell antibodies employed in ADCC assays was shown to
influence whether or not Ijnnphocytes (K-cells) mediate cytotoxicity.
Under certain conditions, K-cells may contribute to erythrocyte damage
occurring in human diseases such as autoimmune hemlytic anemia.

Previous studies of human alloimmune CTL demonstrated that T cells
were necessary and sufficient as CTL precursors, and that mature CTL
lacked both and Fc receptors. In a series of parallel studies, CTL
precursors for self-MHC restricted cytotoxicity against both viral and
chemical antigens were also shown to reside in the T but not the T
sub-population. The mature self-MHC restricted CTL effector was demonstrated
to be a T-cell lacking and Fc receptors. Thus, the CTL precursor(s)
for all three forms of human immune cytotoxicity were contained in the
T subset and the mature effectors lacked Fc receptors.

To assess the virus specificity of human influenza virus immune CTL,
peripheral blood mononuclear cells were stimulated ^ji vitro with several
type A influenza viruses including A/PR8 (A/Puerto Rico 8134 [HONI]),
A/JAP 305 (A/ Japan/305/57 [H2N2]), A/HK (A/Hong Kong/8/68-K-31 [H3N2] ) and
alson a type B virus, B/HK (B/Hong Kong/8/73). Virus immune effector
CTL were then tested on autologous leukocytes infected with the same virus
used for sensitization, or a different type A or B virus. Effectors producted
by sensitization with A/HK of A/PR8 were cytotoxic for autologous leukocytes
infected with A/HK, A/PR8 and A/JAP 305 but not for uninfected target cell.
Effector CTL sensitized with type A viruses did not lyse autologous type B
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virus infected cells and vice versa. This extensive cross reactive lysdis on

target cells infected with serologically distinct type A viruses was shown

to be T-cell mediated and suggests that antigenic determinants other than

those detected serologically are recognized by virus immune CTL.

Studies of the self products recognized in addition to foreign antigen

by influenze virus immune CTL demonstrated that the lysis of autologous

virus infected target cells was routinely at least 64 fold greater than

the lysis of homologous virus infected allogeneic target cells, sharing no

HLA A B, or C locus antigens with the immune CTL. Siblings who shared no

HLA haplotype (but who would be expected to share on the average half of

their genetic material) did not produce immune CTL capable of lysing each

others cells. Furthermore, homology between effector and target at a

single HLA A or B locus antigen was necessary but not always sufficient

for immune cytolysis to occur. These results suggest that the "self"

specificities recognized by influenza immune CTL are the HLA a and B

locus determined antigens of the human MHC.

These observations regarding the self preference of influenza immune

CTL contrast significantly within the results observed with TNP- immune

CTL in which lysis of TNP-modified non-HLA matched allogeneic targets was

often equivalent to that of TNP-modified autologous cells, and MHC

restriction only became obvious when data was analyzed by a statistical

technique of "interaction analysis." These differences with regard to

autologous MHC preferences exhibited by immune CTL may relate to the fact

that TNP-immune CTL are generated by primary and secondary J^ vitro

immunization while influenze immune CTL are primed by natural influenza

virus infection _in. vivo and then receive a secondary In vitro stimulation.

Given the observation that certain immune CTL are restricted to recognize

antigens in the context of self-MHC products, one might ask how these

restrictions are imposed on CTL. Recent studies in experimental animals

have suggested that bone marrow stem cells differentiating within the

thymus develop receptor specificities for MHC products expressed on the thymic

epithelium. These receptor specificities which then constitute the repertoir

of MHC products considered as self and are stable in the peripheral T-cell

population. Cells expressing receptor specificities for antigen plus

self-MHC products are then selected from this T-cell pool by the antigen

presenting lymphoreticular cells. The generation of CTL may also require

MHC restricted T-helper cells and be under the influence of T-suppressor

cells. Self-MHC restricted CTL are thought to play a major physiologic

role in vivo in the recovery from virus infections, immunologic surveillance

against neoplasic and deleterious autoimmune phenomena.

Humans with immunodeficiency diseases such as common variable hypogamma-

globulinemia (CVH) and ataxia-talengiectasia have recurrent infections,

including those caused by viruses, and a greatly increased incidence of

neoplasia. Therefore, these patients' lymphocytes were studied for their

capacity to generate influenze virus immune CTL. Five of eight CVH patients

studied possessed lymphocytes capable of producing influenza immune CTL.

The immune CTL were also restricted to lyse MHC compatible target cells.
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In the three patients who did not generate CTL, this defect was not

attributable to the lack of T-cells or the inability of the patients' cells
to become virus infected and lysed by MHC compatible immune effectors. It

was of particular interest to study the influenza immune CTL responses
in patients with ataxia-telangiectasia since 1) these patients have perhaps
the highest incidence of neoplasia among all immunodeficiency patients and

2) these patients have been postulated to have a defect in endodermal-
mesodermal interactions leading to an embryonic appearing thymus almost
devoid of epithelial elements which might "instruct" stem cells. In nine
ataxia-telangiectasia patients studied thus far, eight have lacked the

capacity to produce virus immune CTL. In all defective patients this

finding was not due to reduced proportions of T-cells. Moreover, in

five of eight patients not generating CTL this defect was not attributable
to the patients' cells not becoming virus infected and being lysed by

MHC compatible immune effectors.
These studies demonstrate that in certain CVH patients lacking

humoral immune responsiveness to viruses, CTL effector responses may

be retained and contribute to host responsiveness. The inability to

generate CTL in some CVH patients and the majority of ataxia-telangiectasia
patients may contribute to the observed increased incidence of infections
and neoplasia. Defects resulting in the inability to generate self-MHC
restricted CTL may occur at any of the previously described steps in

their production including: 1) stem cells, 2) thymic microenvironment
for self MCH instruction, 3) T-helper cells, 4) T-suppressor cells and

5) antigen presenting lymphoreticular cells.

Immunologic Reactivity of Gastrointestinal Lymphoid Tissues: Studies

were continued to evaluate the immunologic function of gut associated
lymphoid tissues. Anatomically, gastrointestinal lymphoid tissues can
be classified as either organized (Peyer's patches, appendix, and

mesenteric lymphnode) or diffuse (lamina propria and intraepithelial
lymphocytes or lEL). The organized tissues are generally considered as

dif ferentiative sites, whereas the diffuse tissues are felt to predominantly
contain mature immunologic effector cells (i.e., plasma cells in the

lamina propria).
Most previous studies of the functional capacity of gastrointestinal

lymphoid cells have dealt with lymphocytes from the organized tissues

because of their easy availability. Recently, as methods have been
developed to obtain lymphocytes from the diffuse tissues, much interest has

centered on functional and morphologic studies of these cells since
their numbers greatly exceed that of the organized tissues and their

functional repertoire has been differentiated in_ vivo . Methods were

therefore developed to obtain lymphocytes from the lamina propria and mucosal

epithelium of the small intestine of Guinea pigs. These two populations
of mucosal lymphocytes were compared to l3nnphocytes from Peyer's patches,

mesenteric lymphnode, peripheral blood and spleen in a variety of

morpholgic and functional assays. In situ, approximately 30-50% of

intraepithelial lymphocytes contain discrete cytoplasmic granules and

these granular lymphocytes are unique to the mucosal intraepithelial cell
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population. Approximately 40% of the isolated lEL population contained
such granules while less than 4% of the isolated lamina propria cells
possessed granules. Therefore, based on this criteria the isolated lEL
and lamina propria cells consisted of largely separate populations of

mucosal Ijnnphocytes.
Studies of cytotoxic effector cell function revealed that lEL were

able to mediate NC or SCMD, ADCC and MlCC with effector activity comparable
to that of spleen cells or peripheral blood Ijnnphocytes. In contrast,
lamina propria containing nucosal lymphoid cell populations mediated MICC
but not NC, SCMC or ADCC. These studies demonstrated the presence of

cytotoxic NK cells, K cells and T-cells within the gastrointestinal mucosa
and these effector cells as well as humoral immune products may contribute
to local mucosal immunity. lEL and lamina propria cells were also shown
to proliferate and elaborate Ijnnphokines (lymphocyte-derived chemotactic
factor, LDCF) following polyclonal J^ vitro activation with both T-cell
(PHA and Con A) and B-cell (Nocardia water soluble mitogen, LPS) mitogens.
The secretion of soluble (LCDF) effector molecules may contribute to

the mucosal inflammatory response seen with certain disease states
involving the small intestinal mucosa. lEL and LP cells were also found
to effectively serve as both responders and stimulators in one-way mixed
leukocyte reactions. Such reactivity may be of significance in graft
versus host reactions involving the gastrointestinal tret, a major cause
of morbidity and mortality following allogeneic human bone marrow
transplantation. Studies of immunoglobulin secreting cells using a

reverse hemolytic placque assay to detect antigen-non specific polyclonal
immunoglobulin production revealed that lamina propria cells but not lEL
were rich in secreting cells. Lamina propria cells were rich in cells
secreting IgA and also IgG but not IgM. Interestingly, Peyer's patch
lymphocytes were also rich in cells secreting not only IgA but also IgG

and were poor in cells secreting IgM. These studies suggest that Peyer's
patches may not only be a site of cellular differentiation but may also

contain mature immunologic effectors of B-cell lineage.

Proposed Course: Studies will be continued to assess T-cell mediated
cytotoxicity in normal individuals and patients with immunodeficiency
diseases. Emphasis will be placed on the study of self-MHC restricted
CTL since these cells probably play a major role in physiologic in vivo

immune responses to infections agents and neoplasia. Attempts will be

made to develop self-MHC restricted assays of ±n vitro immunoglobulin
production so that both T-cell and B-cell effector responses may be

measured in parallel. Methods to asses self-MHC restricted CTL for chemical
haptens administered _in vivo may be developed to ascertain if restriction
specificities induced _in vivo differ from those produced _in vitro .
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These studies are aimed at understanding how the human immune system
recognizes and destroys foreign cells. Special emphasis is placed on early
antigen nonspecific cytotoxic responses, which precede specific immune
recognition. Also, we have studied membrane bound Fc receptors with
sepcificity for a given immunoglobulin with specificity. Each model offers
the potential to disect apart critical mechanisms involved in immune defense,
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Project Description :

Objectives : The objectives of these studies were to 1) delineate
the importance in man of a newly recognized system of non-specific cell
mediated spontaneous cytotoxicity, 2) characterize a newly recognized
class of surface receptors for the Fc portion of human immunoglobulin
on human T cells, 3) examine the phylogeny of antigen non-specific
cytotoxicity systems in vitro and 4) assess the molecular mechanisms
involved in some forms of cell-cell cooperation.

Methods Employed : In vitro cellular cytotoxicity systems have been
developed for antibody dependent, mitogen induced, cell mediated
lympholysis, and spontaneous cytotoxicity using a sensitivity micro
-'^Cr release assay for various target cells. These results were
correlated with standard In vitro and i^ vivo assays of cell mediated
and humoral mediated immunity. For the characterization of immunoglobulin
class specific Fc receptors on human T cells, purified IgG, IgM, and IgA
were obtained by combinations of ion-exchange chromatography, affinity
chromatography, gel filtration and antigen specific absorption of
certain monoclonal mouse myeloma proteins.

Major Findings ; Our laboratory has been involved in three major research
areas: 1) characterization of surface membrane markers on human Ij^mphocytes
with specific emphasis on class specific receptors for the Fc portion of IgG,
IgA and IgM. 2) elucidation of the molecular mechanisms involved in
cellular cooperation between monocytes and T cells and 3) extensive
characterization of 2 in vitro models which assess antigen independent
spontaneous human monocyte mediated cytotoxicity.

Our section has recently described a new receptor on human T cells,
B cells and null cells which is specific for IgA. Current work is

attempting to enumerate and correlate these receptors with different
human disease states. We are also assessing the in vitro function of
these cells by correlating the presence or absence of IgA receptors
with other assays of cellular function.

The second major area of interest for our laboratory is the elucidation
of the effect of various carbohydrates on cellular cooperation. We have
developed evidence in both human and murine models that different simple
sugars are capable of blocking antigen specific proliferation in. vitro .

Non-specific toxicity has been clearly ruled out and our current evidence
suggests that monocytes and T cells interact with each other by recognition
of specific cell surface glyco proteins. Our ability to block these
interactions is proving to be a powerful tool for dissecting out different
cell-cell recognitive and cooperative events required for an intact
immune response _in_ vitro and in vivo .

Finally, our lab has undertaken an extensive analysis of non-antigen
specific host defenses. Our first model measures spontaneous monocyte
mediated cellular cytotoxicity. We believe that these monocytes act as

an important first line of defense in a non-immune host. We have analyzed
this in vitro model at four different levels. First we have examined
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the cellular control of these monocytes and have demonstrated a potent

system of suppressor lymphocytes which modulate monocyte cytotoxicity.

Second we have examined the mechanisms of target recognition and have developed

evidence that cytotoxic monocytes recognize specific sugars on various targets.

These data coupled with our data concerning the effect of simple sugars

on antigen specific proliferation strongly argue for a very basic role

for carbohydrate (glyco protein?) recognition and suggest a general

mechanism of cellular recognition both xenogenic (self-target) and syngeneic

(self-self). Thirdly, we have begun to analyze the phylogeny of this

type of killing and find it to be quite ubiquitous. And fourthly, we

have examined the effect of various pharmacological agents on spontaneous

monocyte mediated killing. We have found that both x irradiation and

Cis FDD (a new chemotherapeutic agent) markedly enhance killing. We

have begun to analyze patients receiving Cis FDD and believe that besides

being directly tumorocidal both x-ray and Cis FDD may also play an important

tumorocidal role by activating host monocyte mediated killing.

Our second model of nonspecific early host defense is dependent upon

the presence of a non-antibody heat labile substance found in normal human

plasma which can arm T cells as well as monocytes to kill. The nature of

this plasma factor is under active investigation and shares many properites

with early factors of the alternate complement pathway. This finding can

potentially unify non-cell mediated and cell mediated nonspecific antibody

independent J^ vitro models of cytotoxicity since it implies a common mode

of activation.

Significance to Biomedical Research : Our studies on monocyte mediated

cellular cytotoxicity have several major implications. Our data

suggest that a variety of "nonspecific" _in vitro and killing assays are

in reality quite specific and represent target specific cell surface

sugar recognition. Our phylogenetic studies imply this phenomonen is

ubiquitous. We believe this type of cytotoxicity represents an important

aspect of host immunodefense which is independent of prior antigen

exposure. From a clinical perspective, we have evidence that both

therapeutic levels of x-ray and the radiometric drug Cis FFD enhance

in vitro killing. This enhancement occurs via different mechanisms ...

x-ray inactivates a suppressor cell while Cis FDD appears to directly

activate monocytes. We propose that this phenomena may be an important

mechanism by which these agents exert their anti tumor effects In vivo

as well as their well described direct toxicity towards tumor cells. We

have recently analyzed a large group of patients with malignancy and have

shown them to have defective in vitro monocyte mediated killing. Preliminary

evidence suggests that successful Cis FDD treatment results in restoration

of monocyte cytotoxicity ^ vitro and presumably _iri vivo. Our data

concerning the effect of various sugars on ^ vitro assays of antigen

specific proliferation have enormous implications concerning how cells

communicate with each other. At this juncture we are postulating that

carbohydrate recognition plays a central role in self-self and self-

non-self recognition phenomena.
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Proposed Course ; Our laboratory will continue to characterize the
nature of carbohydrate receptors and the effect of blocking these receptors
on in. vitro and in_ vivo immune reactivity. We will extend our studies
to an in vivo model in efforts to control immunologic responses in an
intact animal in order to gain insight into possible approaches and therapy
of diseases which are the result of observant immune responses.
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SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of this project is to investigate the immunoregulatory properties of
malignant lymphocytes. We are currently determining the helper and suppressor

activity of neoplastic T-cells from patients with acute lymphoblastic leukemia
and the Sezary syndrome. We are also attempting to characterize normal and

neoplastic T cells on the basis of certain surface membrane markers directed by

binding of the Fc-piece of IgM and IgG, and other markers detected by antibodies

raised in animals.
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Project Description ;

Objectives : T cells play a critical role in a number of immune systems.

These cells are involved in cell-mediated immunity which includes such

phenomena as delayed hypersensitivity, allograft rejections, graft vs. host

reaction, tumor cell killing in some sysstems, and lysis of virally-infected

target cells. Normal T cells proliferate In vitro in the presence of a

number of plant mitogens such as phytohemagglutinin and concanavalin A.

They may mediate the mixed-ljnnphocyte-reaction, act as killer cells in certain
models of lymhocyte-induced cytotoxicity, and generate certain soluble

effector proteins such as lymphokines. In addition, T cells play an

indespensible role in regulating humoral immune response by acting as

potentiators (helper cells) or inhibitors (suppressor cells) of the

transition of B cells into immunoglogulin producing plasma cells. Both

antigen-specific and nonspecific helper and suppressor functions have been

identified. Nonspecific regulatory cells may be viewed as having polyclonal

activity.

A number of essential insights into the nature of the humoral immune

responses resulted from the study of neoplasms of the B cell/plasma cell

series. The recognition that so-called paraproteins derived from patients

and certain animals with multiple myeloma (a malignant proliferation of

plasma cells) represented extremely homogenous immunoglobulins has affected

essentially every phase of immunologic research. An understanding of

antibody structure, function, metabolism and genetics depends heavily on

experiments based on the use of such homogenous immunoglobulins. Indeed,

certain immunoglobulin classes (such as IgD and IgE) would have been

difficult or impossible to evaluate without the availability of appropriate

paraprotein classes. Recently recognized membrane and functional differences

between B cells and T cells provided an important basis for classifying

neoplastic lymphocytes. Such a classification has already proved to have

therapeutic and prognostic relevance in characterizing Ijnnhomas and certain

leukemias. The study of malignant T cells and their products may prove

to be as important in answering questions regarding cellular immunity, and

especially, the T cell regulation of humoral immune responses, as myeloma

cells and their paraprotein products have proved to be in. answering

questions concerning the immunoglobulin synthesizing system. We have

focused a considerable degree of research and clinical effort in studying

patients with acute and chronic leukemias thought to be of T-cell origin.
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During the past year we have extended our analysis of the immunoregulatory
properties of leukemic T cells from patients with Sezary syndrome*, and
we have given special attention to the leukemic T cells of some patients
with childhood Ij^phpoblastic leukemia. We have previously shown that some
(but not all) patients with the Sezary syndrome may have leukemic cells
which act as so-called helper T cells. By refining our analysis we have
learned that approximately one-half of patients studied had helper activity
in a system where any contaiminating residual normal T-cell function was
minimized by dilution studies. We have also discovered a patient with
acute lymphoblastic leukemia whose neoplastic cells acted as T cells that
could perform a helper function. Furthermore, we found another patient
with acute Ijrmphoblastic leukemia (also T-cell type) who had hypogamma-
globulinemia prior to chemotherapy, and whose neoplastic cells appeared to
function as pro-suppressor cells. Such cells required T-T interaction for
maximal suppressor effect. Antibodies raised against these suppressor-
like leukemic T-cells appear to react with surface membrane proteins found
on certain normal neoplastic cells with suppressor properties.

Methods Employed : To study the transition of circulating lymphocytes
into immunoglobulin secreting plasma cells, peripheral lymphocytes were
cultured in the presence of pokeweed mitogen, a water soluble mitogen
derived from a Nocardia opaca, and Epstein-Barr virus. The amount of IgM,
IgA and IgG synthesized and secreted into the media was determined by
double-antibody radioimmunoassays. The presence of circulating suppressor
cells was assayed by a co-culture technique. Circulating neoplastic T cells
(T-lines) from various patients and peripheral blood Ijnnphocytes from
normal control individuals were co-cultured. The synthesis of immuno-
globulin by cells of the two subjects in this co-culture was related to

the sum of the expected contribution of each population. In order to assay
for helper activity, we took advantage of the observation that highly
purified B cell populations, freed of T cells, synthesize very small
quantities of immunoglobulin in the presence of poekweed mitogen. It

should be noted that pokeweed mitogen is a highly T cell dependent activator,
whereas Epstein-Barr virus (EBV) and Nocardia opaca water soluble mitogen
are relatively thymic independent polyclonal activators, and this will
be discussed further below. . . ..-

*The Sezary syndrome is a T-cell leukemia in adults characterized by severe
erythroderma, diffuse lymhadenopathy, and circulating neoplastic cells with
cerebriform nuclei.
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Major Findings ; The neoplastic lymphocytes of essentially all

patients with Sezary type T-cell leukemias failed to produce immunoglobulin
under any of the conditions assayed. None of the Sezary patients studied
had neoplastic T cells which exhibited suppressor cell activity using
pokeweed mitogen. Indeed, on a number of occasions, normal lymphocytes
showed a greatly amplified immunoglobulin synthesizing and secreting

capacity in the presence of Sezary cells from approximately half of the

patients with the Sezary syndrome studied functioned as helper T cells

in a system where dilutions were made to exclude a role of residual normal

T cells. Thus, there was a 6 to over 30-fold augmentation of immunoglobulin
production by normal purified B cells after the addition of Sezary cells.

We observed a comparable polyclonal helper activity in the neoplastic

T cells from one child with acute lymphoblastic leukemia. These studies
indicated that under some conditions neoplastic T cells may act as though

they originate from T cells committed to mediate helper activity.

Our, analysis of another patient with acute Ijnnphoblastic leukemia and

hypogammaglobulinemia prior to chemotherapy may clarify the role of T-T

interactions in the regulation of normal humoral immune responses. The

neoplastic T cells from this patient acted as potent polyclonal suppressors
of pokeweed mitogen induced immunoglobulin production by co-cultured normal

unseparated Ijnnphocytes. However, in experiments in which purified normal

B cells, purified normal T cells, and purified irradiated normal T cells
were used in various combinations, we observed that this child's neoplastic

T cells required a radiosensitive subset of normal T cells to exert their

suppressor activity in the presence of pokeweed mitogen. Furthermore,

we found that normal T cells when stimulated with pokeweed mitogen
released soluble factor(s) within 24 hours of culture, which activated

these leukemic cells to suppress immunoglobulin production without the

additional requirement of cooperating normal T cells. In further studies,

we learned that the presence of cooperating normal T cells and pokeweed

mitogen together was essential in the suppression of Nocardia water soluble

mitogen-driven immunoglobulin production. , It should be re-emphasized that

pokeweed mitogen is a relatively thymic-dependent polyclonal activator,

whereas Nocardia water soluble mitogen is a realtively thymic-independent
polyclonal activator. Taken together, these results suggest that the

leukemic cells under discussion ascted as prosuppressor cells requiring

the cooperation of a normal amplifying subset of a T cells- in order to

emerge as suppressor effectors. To our knowledge this represents the

first demonstration of an interaction between normal and neoplastic

cells in the generation of immunoregulatory effector cells. While the

system used related to polyclonal activation, we believe this is also

relevant for antigen-specific systems.
In collaboration with Dr. Dean Mann, an analysis of the membrane markers

expressed by these pro-suppressor leukemic cells was undertaken. We
observed that approximately 30-40% of the circulating noeplastic T cells
on this patient expressed la-like membrane determinants. The la-like
determinants were detected by B-cell alloantisera as well as hetero-
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antisera. la-like antigens are proteins thought to be encoded by immune
response genes, and expressed on B-cells and activated T cells. More-
over, rabbits immunized with these leukemic cells produced antibodies
which reacted with cell-raembrane determinants different from la-like
molecules. The rabbit antibodies reacted with large molecular weight
(approximately 200,000 Daltons) cell membrane determinants expressed by
serial T-cell cultured lines, originally derived from unrelated normal
individuals and certain individuals with T-lymphomas , that acted as

suppressors. These studies were performed in collaboration with Dr. Dean
Mann, NCI, and Dr. Jack Strominger, Harvard University.

Our studies of this pro-suppressor like leukemia permitted us to

construct a model for the induction of human suppressor effector cells.
In this model, precursor T cells (pro-suppressor cells) must interact
with a different activating set of T cells before maturing into the

suppressor effector cells. The model developed from the use of these
cells provides at least two testable expectations for future research.
The first is that neoplastic diseases may represent proliferation at differ-
ent steps in the suppressor cell differentiation network. Second, patients
with neoplasms composed largely of suppressor effectors will have hypo-
gammaglobulinemia directly related to tumor cell burden; however, those
with neoplasms of pro-suppressors or suppressor activators will have
hypogammaglobulinemia related to the residual number of functional capacity
of non-neoplastic cooperating T cells as well as the leukemic cells.

Another area of interest during the past year has been the charcteri-
zation of receptors for the Fc piece of IgG and the Fc piece of IgM on
human T cells and B cells. These studied were done by Dr. Werner Pichler.
Fc receptors were detected by using appropriate immunoglobulins with antibody
activity against ox red cells. The enumeration of rosette forming cells
under the proper conditions could be used as an index for cells which
express receptors for the relevant Fc piece. There has been a widely held
belief that those T cells which act as positive regulators of humoral
immune responses (helper cells) express receptors for the Fc piece for IgM.

Such cells are conventionally referred to as T^, A corollary of this
widely held belief is that those cells which act as negative regulators of

humoral immune responses (so-called suppressor cells) express receptors
for the Fc portion of IgG. Such cells are conventionally referred to as

Tq. The concept of two distinct populations (T{^ and Tq) with different
immunoregulatory potential was of such clinical and theoretical importance
that we have devoted a substantial portaion of research time and effort
in pursuing this issue. Our results to date have shown that rigid
classification of T cells into Tj^ and Tq cells is not appropriate. We

have observed that normal T cells may, under certain circumstances, express
both Fc IgM and Fc IgG receptors simultaneously. Furthermore, there is a

transition of so-called T^ cells into Tq under certain conditions. The

signal for this transition appears to be an interaction with human complexes.
In a further series of studies, it became evident that it is not always possible
to simply assign an immunoregulatory function to T cells on the basis

of the Fc receptor expressed. Under some conditions Tq cells may function
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as helper cells and Tj^ cells may function to inhibit certain immune reactions.

Cells found within the Tg-population include monocytes. This monocyte
contamination must always be taken into account in interpreting results using
Tg-populations. We have also attempted to characterize the presence of

Fc-IgM and Fc-IgG receptors on normal B cells, neoplastic B cells, and long
term tissue culture lines of human B cells. We have observed that these

cells may express both Fc IgM and Fc IgG receptors. Furthermore, the
secretion of immunoglobluin is not a function of the kind of Fc receptor
expressed B cell. We are currently trying to evaluate the role of Fc IgG
and Fc IgM receptors in various forms of mitogen-induced, antibody
dependent, and spontaneous cell-mediated target killing system.

Significance to Biomedical Research : The recognition that some T-

cell leukemias (or Ijrmphomas) may represent a homogenous proliferation
of T cells which are programmed for either helper or suppressor function
is important for a number of reasons. First, certain forms of humoral
immune deficiency may be due to a helper cell deficit, and not totally
due to an intrinsic defect in B cells alone or excessive number of

suppressor cells. It is possible that certain classes of neoplastic cells

or soluble products produced by such cells could prove useful in the

treatment of immune deficient states due to thymic dysfunction. Similarly,

if such helper cell factors could be isolated (or synthesized) , they might

be useful in those situations where it is desirable to amplify a normal

immune response, for example, following immunizations or in overwhelming
infections. In mice, it has been possible to show that there exists a

genetically controlled Ly-system of membrane markers which may correlate

with helper or suppressor function. Three groups of T cells have been
identified in mice. One population bears all three of the so-called Ly

determinants (ly-1"^, 2"^, 3"*"). Another population bears only Ly-1
determinants and a third population bears Ly-2,3 determinance. It has

been demonstrated that those cells which are Ly 1"*" act as helper cells

under some conditions. In contrast, those cells which are Ly2, 3"^ act as

suppressor cells under some conditions. In addition, in mice there is a

subregion of the I portion of the major histocompatability complex
(designated LJ) which may in code for the suppressor cell function and

certain suppressor cell factors. These LJ encoded factors may inhibit
both humoral and cellular immune responses in a number of systems.

Furthermore, antisera raised against IJ in coded products may potentiate
certain immune responses. Such anti-IJ antisera may apparently promote
tumor rejection in certain systems presumably by eliminating suppressor
cells which interfere with host immune responses directed against lethal

tumors. The use of neoplastic T cells as starting reagents for the

development of appropriate antisera or the isolation of various factors

may make it possible to establish a serological marker system for human

helper and suppressor function, and may make it possible to serologically

manipulate immune responses in certain cancer patients to potentiate
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tumor rejection. Our preliminary finding that antibodies raised in
rabbits immunized with human suppressor-like leukemic T-cells can react
with a previously undescribed antigen or set of antigens expressed on
cultured T-cells with suppressor function (from unrelated individuals)
might be viewed as a positive first step in this overall approach. The
use of such neoplastic T cells may also provide a convenient probe to
analyze human B cell subsets and to elucidate more fully human T-T inter-
actions.

Proposed Course ; During the coming year a continuing effort will
be made to characterize the immuno regulatory properties of lymphocytes
from patients with T cell leukemias and lymphomas. A very high priority
will be given to the development of antisera or possible pharmacologic
agents affecting immunoregulation. We will attempt to serologically
characterize immunoregulatory T-cell subsets in patients with cancer,
immunodeficiency states, and autoimmune diseases. In addition, we will
continue to characterize the Fc IgM and Fc IgG receptors found on human
B cells and T cells in the hope of defining the biological role for
these membrane determinants. We are also extending these studies to an
evaluation of Fc IgM and IgG receptors in so-called K cells (cells which
mediate antibody dependent cellular cytotoxicity). Finally, we will
investigate whether it is possible to isolate soluble factors from malignant
lymphocytes which can mediate the immunoregulatory activities of intact
cells.
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Project Description;

Objectives : The primary objective has been to define the mechanism
by which _Ir (immune response) genes linked to the major transplantation
antigens ( HLA in man and H-2 in the mouse) control the immune response

to natural protein antigens, as opposed to synthetic polymers and hapten-

carrier complexes more widely studied, with the hope of understanding the

modes of recognition involved at this regulatory level, the cells which
participate, and the cell membrane receptors which mediate the regulation.

Methods Employed ; Fragments of myoglobin were prepared by CNBr cleavage

and chromatographic purification. Samples of myoglobins other than sperm

whale or horse were gifts of Porfessor Frank R.N. Gurd (Indiana University).

TNP-myoglobin was prepared using trinitrobenzenesulfonate. Myoglobin and

its fragments were radiolabeled at the N-terminal alpha-amino group with

K-'-^CNO or N-succinimidyl-[2,3-%] propionate. Antibodies to these were

measured using the polyethylene glycol precipitation direct binding assay

described previously. Antibodies to TNP were measured using the same

assay but employing [^H] dinitrophenyllysine.
T-lymphocyte proliferation was studied by a method based on Corradin

Etlinger and Chiller (J. Immunol. 119 , 1048 (1977). Briefly, nylon-wool

passed T-cells from draining lymph nodes of mice immunized s.c. in

the tail 8 days previously with myoglobin in Freund's adjuvant were

cultured for 5 days in the presence of varying concentrations of antigen

(myoglobin or fragments). Proliferation was assessed from the amount of

^H-methyl-thymidine incorporated into DNA during the final 4 hours of

culture. For experiments assessing macrophage reconstitution of response,

such T cells were passed twice over nylon wool to deplete of macrophages.

For a source of macrophages , a method was developed for purifying liver

macrophages (Kupffer cells) by perfusion in situ, homogenization, treat-

ment with collagenase and DNase to free the macrophages, density gradient

centrifugation on metrizamide, glass adherence, and irradiation with 500 R

from -'-^^Cs before use. These were cultured with macrophage depleted

T cells and antigen as described above.

Hybridomas producing antimyoglobin were prepared in collaboration with

Dr. John Minna by fusing spleen cells from mice immunized repeatedly with

myoglobin with a nonsecretor (NSI) plasmacytoma line selected to be

hypoxanthine phosphoribosyl transferase (HPRT) negative. After fusion

with polyethylene glycol-1000 and limiting dilution plating in multiple

wells, hybrid cells were selected by culturing in selective medium in

which HPRT negative cells cannot survive. Clones secreting the desired

antibodies were then detected by screening several thousand culture

supernatants by one or more of 3 methods: a direct binding polyethylene

glycol precipitation assay using radiolabeled antigen, and two solid

phase binding assays using myooglobincoated plastic wells and measuring

antimyoglobin bound with rabbit antimouse Ig antibodies labeled either

with ^2^1 or with the enzyme peroxidase.
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Major Findings : In the lymph node T cell proliferation system,
using myogloblin- immunized congenic resistant recombinant mice, differing
only at H-2 , it was found that the same two genes which control the
antibody response to myoglobin also control the T cell proliferative
response. Moreover, the hypothesis was confirmed that the different genes
control the responses to different determinants on the same antigen molecule-
the first time such a phenomenon was demonstrated for genes which can be
genetically separated within H-2 « The Ir-Mb-1 gene in the I-A subregion
of H-2 clone controlled the response to determinants on both the N-terminal
1-55 fragment and the C-terminal 132-153 fragment. The Ir-Mb-2 gene in the
I~C subregion of H-2 clone, allowed a response to some determinant in the
N-terminal region but not to any in the C-terminal region. Moreover, the
lower response levels to the 1-55 region with either gene alone than with
both genes suggested that the determinants they controlled on this
N-terminal region were not the same. Finally, the gene which controlled
the T-cell proliferative response to a given region of the molecule also
controlled the production of antibodies to the same region of the molecule.
This latter parallelism suggested that a common control mechanism, and
recognition unit, might control both types of response, in contrast to
findings with hapten-carrier complexes.

To elucidate the cell interactions involved in mediation of the 1t_

gene control, the role of T Ijnnphocytes and macrohages were studied.
T cells depleted of macrophages did not undergo antigen-specific stimulation,
unless a source of macrophages was added. Kupffer cells from the livers
of unimmunized mice were found to reconstitute the response, at an
optimum ratio of 1 Kupffer cell to 5 T cells. The functional cell responsible
for reconstitution was found to be glass adherent, radioresistant (500 and
1000 R) and negative for Thy-1 surface antigen. Over 85% of the Kupffer
cell preparation was phagocytic, 90-95% esterase positive and
about 50% positive for surface la antigens mapping in I-A and I-E/C
(collaboration with Dr. James Klinginstein-, IB, NCI). To assess the role
of macrophages in the Lr gene control, we reconstituted macrophage-depleted
T cells from myoglobin-immunized (high responder x low responder) Fj^ (B6D2F]_)
mice with Kupffer cells from congenic strains bearing both Ir genes
(B10.D2 or DBA/2), only Ir-Mb-1 (BIO.GD or D2.GD) only Ir-Mb-2 [B10.A(5R)]
or neither (BIO). Kupffer cells from strains bearing both genes reconstituted
the responses to whole myoglobin and both fragments, whereas those from
strains bearing neither gene failed to reconstitute any of the responses.
Even more interestingly, Kupffer cells from mice with only one gene
reconstituted the responses to only those fragments controlled by that
gene. Thus, the complete phenotype of 2-Ir gene control was determined
by the genotype of the macrophages reconstituting the response. Since
these genes are determinant specific, this result accounts for the apparent
"determinant selection" by macrophages described by Rosenthal, Barcinski
and Blake (Nature 267, 156, 1977).
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In order to prepare anti-idiotypic antisera (specific for the combining
region of antibodies) to see if these combining regions were shared by

T cell receptors, and to determine their role in cell interactions, we

needed pure mouse antibodies to different determinants of myoglobin.

Therefore, in collaboration with Dr. John Minna, we prepared hybridoma
cell lines as described in Methods and selected those clones secreting high
levels of antimyoglobin. Two high responder strains with different H-2

types and different immunoglobulin heavy chain allotypes, A.SW and B10.D2,

were used. The antibodies of four of the A.SW hybridoma clones have been
further characterized so far. Scatchard analysis showed all four to have
homogeneous affinities between 0.8 x 10^ M"-'- to 2.2 x 10"m~-'- - all quite
high compared to known myeloma proteins. However, none of these as well as

none of the antibodies from 8 other clones with high myoglobin binding
activity bound to the labeled C-terminal fragment (132-153). Several
explanations for this result are being pursued.

In another study, mice immunized with TNP]_o-myoglobin failed to make
antibodies that reacted with native myoglobin. Nevertheless, the

production of antibodies to the TNP hapten appeared to be under control
of the 2 Ir genes for the carrier myoglobin. This result held for high
(B10.D2), intermediate (BlO.A) and low (BlO and BlO.BR) responders to

myoglobin. However, another intermediate responder strain (B10.A[5R])

gave a low anti-TNP reponse the one time these mice were tested. If this

pattern holds up it will be interesting because if determinants on Mb

which could serve as carriers for the hapten, to result in T£ gene

control, remained unblocked by TNP, we should have seen antimyoglobin
antibodies to these determinants.

Finally, a sensitive phage inhibition assay for antimyoglobin which
can inhibit plaque formation by myoglobin-coupled bacteriophage has been

developed to use to detect antimyoglobin receptors eluted from T

lymphocytes.

Significance to Biomedical Research ; 'The findings that the response

to different determinants on the same antigen molecule can be under

control of distinct I_r genes, that the same genes control both the

antibody and T lymphocyte responses to a given region of the antigen

molecule, and that this complete phenomenon of Tr gene control of which

determinants elicit a response is determined by the genes of the

macrophage, not the T cell, help to elucidate the mechanisms of action of

immune response genes. We hope that these studies will lead to an under-

standing of the factors which lead to deficient immunity, or to excessive
immune responses as in autimmune disease. They may also lead to methods

to manipulate the immune response selectively, as in organ transplantation.

The finding that liver Kupffer cells can serve the macrophage
immunologic role of antigen presentation is important in that these are

an early line of defense against foreign materials and pathogens which

enter through the gastrointestinal system and the portal circulation. It

is also interesting in that feeding of antigen often induces tolerence
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rather than immmunity, and this phenomenon was thought to be due to a

deficiency in antigen handling by Kupffer cells. The relative activities
of GI immunity and tolerance to food antigens are both of major medical
import, and are being pursued in the systems described above.

The production of monoclonal hybridoma antibodies to myoglobin with
affinities of lO^M"-"- represents one of the first cases of such high
affinity monoclonal antibodies, since myeloma proteins generally have
affinities between 10'^ and 10^ M"^. These reagents will be useful both
for production of anti-idiotype antibodies and for elucidation of the
immunochemistry of myoglobin as model protein.

Proposed Course : The multigene-multideterminant control of the
response to myoglobin is being studied with smaller fragments of the
antigen to better separate the regions involved. Also the different
T cell clones involved are to be studied by negative selection procedures
with bromodeoxyuridine and light to see if different clones recognize
antigen in association with I-A and I-C macrophage surface antigens. The
role of la antigens in antigen presentation is also being studied by
blocking responses with anti-la antibodies. The role of idiotype on
T cell receptors will be similarly studies to compare B cell and T cell
combining sites when the anti-idiotypic antisera are prepared. In addition,
an _in vitro antibody production culture system is being set up to allow
study of T cell-macrophage-B cell interactions in the _Ir gene control of
antibody production. The role of Kupffer cells and suppressor T cells in
feeding tolerence are to be studied. Related studies with staphyloccal
nuclease are in progress. The fine specificity of _Ir gene control is

being studied using myoglobins from closely related mammals. Methods
to isolate T cell receptors and study their chemisty and specificity
directly are being developed.

Publication s;

Berzofsky, J. A., Richman, L.K. and Killion, D.J. : Distinct H-2 linked
Ir genes control both antibody and T cell responses to different
determinants on the same antigen, myloglobin. Proc. Natl. Acad. Sci .

U.S.A . In press.
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SUMMARY REPORT
LABORATORY OF PATHOLOGY

DIVISION OF CANCER BIOLOGY AND DIAGNOSIS
NATIONAL CANCER INSTITUTE

October 1, 1978 to September 30^ 1979

The Laboratory of Pathology is responsible for the diagnostic services
in Pathological Anatomy for the Clinical Center of the NIH and has research
programs in various areas of experimental pathology. The Laboratory is

divided into 8 sections:

A. Surgical Pathology and Postmortem Section
B. Cytopathology Section
C. Hema topathology Section
D. Ultras true tural Pathology Section
E. Comparative Oncology Section
F. Viral Oncology and Molecular Pathology Section
G. Quantitative Cytology Section
H. Pathological Technology Section

A. Surgical Pathology and Postmortem Section

Dr. Jose C. Costa together with Dr. Bruce L. Webber and the residents
and other pathologists from the Laboratory of Pathology plus
Dr. Allen W, Cheever (NIAID), Dr. William C. Roberts (NHLBI) and
Dr. Kurt Stromberg (NCI) were responsible for the surgical pathology and
autopsy diagnostic services, 6,676 surgical specimens or biopsies were
accessioned in the past year (includes approximately 2,300 bone marrows);
156 autopsies were accessioned (34 of these were submitted). These
specimens involved the preparation of more than 65,000 slides, including
more than 40,000 H&E stained sections, 7,500 special stains and 493 frozen
sections. Several c linicopa thologica 1 studies are in progress.

Many specimens of fresh human tissues^, including the eyes which are

regularly removed during a complete autopsy, are furnished to NIH scientists
in various laboratories.

Conferences with individual clinicians and surgeons from the various
Institutes are an important part of the care and study of .patients, in the

Clinical Center. Regular gross specimen reviews of organs removed at

autopsy are conducted by the staff and most surgical specimens are discussed
at the weekly Surgical Pathology Conference conducted by Dr. Costa,
Dr. Webber, and the residents and staff. In addition, the staff participates
in other regular conferences including Pediatric Oncology Tumor Conference
(Dr. Triche), Hematopa thology and Lymphoma Staging Conferences (Dr. Berard,
Dr. Jaffe and staff), a monthly Neuropathology Conference (Dr. Valsamis)
and conferences on Sarcoma Staging, Surgical Morbidity and Mortality,
Medicine-Radiation Therapy (Dr. Costa and staff). The staff and residents
present selected autopsies at monthly clinic opa thologic conferences (e.g.

NCI - Dr. Costa, NHLBI - Dr. Roberts). Weekly slide presentations by the

residents using current surgical and autopsy cases are held as a part of

their training program.
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B. Cytopa thology Section

This section provides diagnostic services in cytology (both exfoliative
and fine needle aspiration) and medical genetics. The chromosomal analysis
includes conventional and special banding techniques (C-, G-, and R-bands)
for the examination of individual chromosome pairs. During the year,
approximately 4,000 cytology specimens were accessioned. These represent
over 8,000 smears examined and reported. A little less than 1/4 were
cervical and vaginal specimens; 3/4 were other types of specimens including
ascitic, pleural, gastric, spinal fluids, bronchial specimens (both brushing
and washing), sputum and fine needle aspirations.

In addition to the diagnostic reports, the entire staff of this section
collaborates with the clinical and surgical staff in various research
projects to evaluate cancer therapy and hormonal status of patients and to

follow the course of cancer in particular patients. Specific examples of

these are the cytologic evaluation of degrees of relapse or remission
during the course of chemotherapy of meningeal leukemia and evaluating the

therapeutic effects (chemotherapy and/or radiation) as seen in exfoliative
cells (eg sputum, fluids, urine and vaginal-cervical smears). Cytological
methods are also used in support of collaborative research with other
scientists in NIH.

C. Hema topa thology Section

Drs. Berard, Jaffe, Cossman, Callihan, and their guest worker.
Dr. Henry Azar from the University of Florida in Tampa, have major programs
in diagnostic and experimental studies on neoplastic and non-neoplas tic

lesions of the lymphore ticular and hematopoietic systems. Dr. Berard has a

large number of referral cases of malignant lymphomas including 202 cases

from the Eastern Cooperative Oncology Group submitted to him as Regional
Pathologist for the Pathology Panel for Lymphoma Clinical Trials and 721

cases submitted for diagnostic consultation from pathologists in the

United States and foreign countries. In addition, he and his staff are

responsible for the diagnostic reports and staging conferences on cases of

malignant lymphoma admitted to various clinical services in the Clinical
Center. Fresh biopsy tissues have been frequently available from' Clinica

1

Center cases and during the past year more than 75 such specimens were used

by Drs. Jaffe, Cossman, Callihan and Azar for special immunologic, histo-

chemical, immunocytochemical, and ultras true tura 1 studies. This is a very

productive program as indicated by the relatively prolific number of pub-

lications (see attached list of publications). Included were studies on

the immunologic, his tochemical, morphologic, and kinetic features of non-

Hodgkin's lymphomas of all subtypes, acute lymphoblastic leukemia, and non-

neoplastic lymphoprolifera tive disorders. Clinicopa thologic studies were
published on nodular versus diffuse pattern poorly differentiated lymphocytic

lymphomas, diffuse well-differentiated lymphocytic lymphoma, lymphoblastic

lymphoma, clinical relevance of the his topa thologica 1 subclass if ication of

diffuse "histiocytic" lymphoma, and leukemic progression of non-Hodgkin '

s

lymphoma

.
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Drs. Berard and Jaffe were each invited to give several lectures and/or
seminars at scientific meetings and continue to serve as faculty members for

the Tutorials on Neoplastic Hema topathology organized by the Center for

Continuing Education of the University of Chicago under the scientific
direction of Dr. Henry Rappaport. These educational efforts have been ongoing
for several years and mentioned in previous annual reports. The developments
in the diagnosis and classification of the malignant lymphomas have been
particularly dynamic during the past several years because of rapidly in-

creasing knowledge about the functional characteristics of the normal and

neoplastic cells of the lymphore ticular and hematopoietic systems. Dr. Berard,
Dr. Jaffe, and their associates have made major contributions to this increased
knowledge and also have participated in many national and international
meetings, symposia, and tutorials to bring this new information to practicing
pathologists, clinical hema tologis ts-oncologis ts, and basic scientists in

North America, Europe, Australia, and the Middle East. These facts are cited

in order to stress the importance and magnitude of their teaching efforts
nationally and internationally and the impact that these efforts have had on

the field of neoplastic hema topa thology.

Drs. Berard, Jaffe, Callihan and Cossman participate fully in other
activities of the Laboratory of Pathology including the teaching of residents
and the preparation of weekly Oncology (Thursday morning) and Lymphoma
Staging (Friday afternoon) conferences. Dr. Jaffe is in charge of the

departmental residency selection program. Dr. Callihan supervises bimonthly
autopsy follow-up conferences presented by the residents. Dr. Berard serves

as project officer for five large-scale contracts awarded by NCI's Division
of Cancer Treatment to evaluate newly proffered classifications of non-

Hodgkin's lymphomas. These contracts involve clinicopa thologic review of

1,175 cases at four institutions by a panel of 12 expert hema topa thologists,

of which Dr. Berard is also a member. In addition, Dr. Berard has served as

a member of an Ad Hoc Pathology Working Group organized to advise the

Division of Cancer Treatment on mechanisms and guidelines for pathologic
review of cases entered into clinical therapeutic trials.

D. Ultras true tural Pathology Section

The diagnostic EM service offered by this section has continued at a

level similar to the preceding year, despite Dr. Reddick's departure. Two
hundred forty-four (244) specimens were received and processed, an increase
over the preceding year. Of these, approximately one hundred and fifty were
processed to completion. In several instances, cases were jointly pursued
by resident and staff, thus providing a degree of training for the residents.

More formal training has not been possible, as the instrument intended for

that purpose was not installed, though it is now (May 1, 1979). In the future.

Dr. Garvin intends to offer a more formal elective for the residents, in

order that they may receive basic training in the use of diagnostic electron
microscopy. Dr. Garvin has agreed to supervise this new facility and assist
with the diagnostic case load.
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Dr. Garvin's research continues on the secretion and uptake of lysosomal
enzymes by human diploid fibroblasts in culture. He has been examining the
effects of culture conditions, transforming agents, and "lysosomotropic"
drugs (such as chloroquine) on the GERL (Golgi apparatus, endoplasmic reticu-
lum, and lysosomes), using light (fluorescent) and electron microscopic
his tochemica 1 techniques. He has also attempted to identify the receptor
for lysosomal enzyme uptake (specifically, iduronidase), utilizing antibody
methods, including derivatized ferritin conjugates. He has also attempted
to localize the enzyme intracellularly by immunofluorescence and immune-
electron microscopy.

Dr. Zopf's research activities have centered on the applications of
carbohydrate biochemistry to diagnosis or increased understanding of various
disorders. In one study, he has utilized radioimmunoassay to identify oligo-
saccharides with blood group activity in the urine of pregnant or lactating
women. This was the first demonstration of the utility of RIA for detection
and quantitation of urinary oligosaccharides. Another project utilizes RIA
to detect a limit tetrasaccharide excreted in the urine of patients with
various glycogenoses. If a chains derived from different hormones are found
to have different carbohydrate structures, radioimmunoassays specific for
defined sugar sequences contained in the carbohydrate side chains might be
used as a basis for identifying cell types that release a chains in secreting
endocrine tumors. Present RIA methods permit identification of tumor cell
types only when P chains are released. The feasibility of raising such anti-
sera has been demonstrated in another project, where CBA/N mice, which respond
poorly to polysaccharide antigens, were found to produce antibodies to defined
carbohydrate haptens linked to a hemocyanin carrier, apparently via a T-cell
mediated mechanism.

Dr. Triche has continued work on several projects. The study of the
fate of IgE on mast cells with Dr. Carter of NIAMDD continues. Studies of
monomeric IgE are completed and in press; further studies using chemically
cross linked IgE (the in vitro analogue of- allergen-induced cross linking
in vivo ) are underway. These studies are designed to determine why IgE is

privileged on the cell surface, and thus available to mediate hypersensitivity
reactions after prolonged periods of time. A major project initiated last
year, to study fibronectin on human tissue cultures of normal and tumor cells,
is continuing. Results to date indicate fibronectin is not uni-f'ortnly lost
from human tumor cells, and the presence or absence bears no relationship
to the cells' ability to form tumors when transplanted back into nude mice.
It also fails to correlate with cell phenotype. Further work, characterizing
individual cells, continues.

Dr. Dickman, who joined Dr. Triche 's lab last July, has begun characteri-
zing collagen synthesis by type and amount in these same tumor lines. Pre-
liminary results fail to support earlier reports in the literature demonstrat-
ing a preponderance of fetal (type III) collagen synthesis by tumor cells.
Dr. Dickman, working with Dr. George Martin's lab in NIDR, has been developing
a better assay for total type I & III procollagen and collagen synthesis, using
SDS-PAGE. Other parameters of cell-collagen interaction are also under inves-
tigation.
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E. Comparative Oncology Section

Drs . Dawe, Banfield, and Stanton are the professional staff members of

this Section. Dr. Suzanne E, Fisher is an NRSF Fellow with a two-year

extendable appointment, working under Dr. Dawe's sponsorship.

Dr. Dawe's work has been concerned with a specialized aspect of the

general theme that neoplasia results when subcellular changes occur that alter

either the receptor or the response system through which cells are kept in

steady-state relationship with the total community of cells comprising the

organism. The epithelial-mesenchymal induction systems through which organo-

genesis and adult organ function are regulated have been the systems chosen

for analysis, using polyoma virus as the tumor -inducing agent. The principal

findings are: 1) That simple disruption of epithelial-mesenchymal (stromal)

interactions in the mouse salivary gland is not a sufficient condition in

itself to allow neoplasia to develop. The introduction of critical information

(in this case the polyoma virus) is necessary for neoplasia to develop in

either the epithelial or the mesenchymal component of the system.

2) The neoplastic changes induced in mouse salivary gland epithelium by

polyoma virus have widely variable characteristics depending on whether the

transformational and pos t- transf orma tional events take place in the presence

or absence of stromal cells. The evidence suggests that appropriate stroma

acts to inhibit or decrease tumor progression and to influence the type and

degree of differentiation expressed by the neoplastic cells. Specifically,

neoplasms from salivary epithelium transformed ni vitro by PV in the absence

of stroma were completely undifferentiated. Neoplasms induced by PV in the

trans-filter presence of salivary gland stroma showed variable and unpre-

dictable differentiation into glandular, squamous, or bone- and cartilage-

forming components. The neoplastic cells transformed in vitro in the absence

of stroma were highly aneuploid, while those transformed in vivo in the presence

of normal stroma were diploid or near-diploid. Further, tumors transformed

in vitro , when transplanted to syngeneic laice, frequently metastasized whereas

metastases rarely occurred from tumors induced i^ vivo. These findings support

the concept that the microenvironment (presence or absence of specific stromal

cells) markedly affects the ultimate biological properties of cells responding

to a transforming agent. A corollary of this concept is that post-transforma-

tional interaction between transformed cells and normal mesenchymes of specific

types might further alter the properties of the transformed cells. To test

this. Dr. Dawe interacted normal stroma of fetal mouse skin with neoplastic

salivary epithelial cells transformed by PV i^ vitro and maintained continu-

ously thereafter in vitro . These combinations of transformed cells and

normal skin mesenchyme were then transplanted to syngeneic mice and the

resulting tumors were compared with tumors derived from the same transformed

cell line not combined with skin mesenchyme. The result was that tumors from

combinations of transformed cells plus skin mesenchyme developed foci in

which the tumor cells contained abundant amounts of melanin pigment. The

control tumors, in which no skin mesenchyme was present, contained no melanin.

This unexpected result requires cautious interpretation based on further work

in progress, but indicates that salivary epithelium, never known normally
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either to synthesize or to contain melanin, can following neoplastic trans-
formation by PV, be induced to resemble, phenotypically, the melanin-contain-
ing epithelium of hair follicles. This "induction" is presumably effected by
interaction of the tumor cells with the hair follicle papillae present in the
fetal mouse skin mesenchyme. At this early phase of the work, it appears
that this is an example of induced differentiation in neoplastic cells, perhaps
comparable to the phenomenon of reversion of embryonal teratocarcinoma cells
placed in normal blastocysts (Mintz and others). However, an important
difference noted by Dr. Dawe is that the melanin-containing cells in his
tumors appear to have retained their neoplastic properties. This indicates
that although this particular viral neoplasm can be induced to express a new
phenotypic character, the oncogenic expression of the viral genome is not
reciprocally turned off. A significant feature of Dr. Dawe's work is that
differentiation in neoplastic cells was induced by a normal inducer (skin
mesenchyme), whereas in the numerous other existing examples of induced
differentiation in neoplastic cells (excepting the Mintz system), the inducers
were extraneous agents such as dimethylsulf oxide, hexamethylbisace taraide,

butyrate, etc. It is also noteworthy that in Dr. Dawe's system the neoplastic
cells are induced to differentiate in a direction not characteristic of the
stem cells from which the tumors were derived, whereas in most other systems
the tumor cells are only induced to differentiate more extensively in the
same direction as the stem cells from which the tumors arose (e.g., neuro-
blastoma cells differentiate toward neuromas. Friend reticular cell neoplasms
differentiate toward erythrocytes, and chroiocarcinoma cells produce increased
amounts of chorionic gonadotropin).

Dr. Suzanne Fisher has also been studying polyoma tumors in mice, analyz-
ing genomic expression in these tumors as manifested by isozyme patterns. She
has obtained isozyme profiles for 26 enzymes in PV-induced tumors of sub-
maxillary gland, parotid gland, mammary gland, thymus, hair follicle, and
kidney in C3H/Bi, NIH, and NIH a thymic (nude) mice. Three types of compari-
sons were made: between the different tumor types induced by PV; between
tumor and the corresponding normal adult tissue; and between tumor and the
corresponding fetal tissue. The results disclosed a variety of changes in
isozyme patterns such as: alterations of subunit predominance (lactate de-
hydrogenase); increased activity of an isozyme (creatine kinase, isocitrate
dehydrogenase); decreased activity (mannophospha te isomerase, aspartate
aminotransferase); activity of an enzyme seen in the corresponding fetal
tissue but not in the adult tissue (phosphoglucomutase ) ; activity of an
isozyme not seen in the corresponding adult tissue (placental alkaline phos-
phatase, sorbitol dehydrogenase, xanthine dehydrogenase); and no change (a

variety of enzymes). For different individual tumors originating from the
same tissue type, the isozyme patterns were remarkably constant. Dr. Fisher's
findings indicate that changes in gene expression in these tumors with common
etiology appear to be related to the tissue of origin rather than to any
consistent effect of the virus in repressing or derepressing particular gene
activities. A particular pattern of isozyme activity that might be considered
a common denominator for polyoma tumor expression has not been identified.
Dr. Fisher's data provide a broad biochemical reference base which is ex-
pected to be useful in comparing differences of structural gene expression in
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cells of identical origin transformed by PV under varying microenvironmental
conditions. In particular, it will be of interest to compare isozyme
patterns of tumors derived from salivary epithelium in the presence and absence
of interaction of the epithelium with mesenchyme.

Dr. Fisher has also been attempting to develop a cell culture system for

assay of a growth factor that may be produced by PV-induced salivary gland

tumors. Evidence for the existence of such a growth factor is based on

earlier observations of Dr. Dawe and is still presumptive. The basis for the

desired assay will be the growth of normal salivary epithelium in the presence
of the factor and in the absence of normal salivary mesenchyme.

Mr. Morgan has completed a time-lapse photomicrographic study of con-
tractions in the developing mouse salivary gland, and is moving into a new
phase of the work. With the collaboration of Mr. Lee, performing the electron
microscopy, he has shown that the onset of contractility of the gland coincides
closely with the differentiation of myoepithelium in the gland. Mr. Morgan's
motion pictures are the first to provide direct visual evidence of the con-

tractile activities of myoepithelium. They show that the myoepithelium over

the entire gland can contract synchronously, much as in cardiac contraction.
This suggests that the myoepithelium forms a network incorporating a condition
mechanism that results in effective pumping of secretions from the gland.

Mr. Morgan is presently starting studies to determine the role of autonomic
neural activity in the initiation and regulation of myoepithelial contractions.

Dr. Dawe's activities with the Registry of Tumors in Lower Animals at the

Smithsonian Institution have led to a study of tumors of the pseudobranchs

(parabranchial bodies) in Pacific codfish. The results of this study were

quite unforeseen at the start, and have broad ramifications that completely
overthrow concepts that have prevailed for nearly 50 years concerning the

neoplastic nature, not only of the cod pseudobranch tumors, but also of the

papillomas of sole, flounder, and gobies in various waters of the Atlantic

and Pacific oceans. Dr. Dawe's study, using material provided by

Mr. John Bagshaw, a biologist of the Nanaimo Marine Fisheries Station in

Vancouver, B.C., used electron microscopic and cytochemical techniques to

demonstrate that the characteristic "X cells" in the cod tumors are protistan
parasites, and not neoplastic cells at all, as had been previously believed.

Confirmation has been obtained through the collaboration of Dr. Herman and

his group, who have shown by flow fluorometric analysis of X cell DNA that

the X cells contain only 6 percent as much DNA per nucleus as normal fish

host cells. In view of this persuasive evidence, a totally new direction will

need to be given investigations in laboratories in Japan, Russia, Norway,

Scotland, and the U.S., all of which have been investigating X cell "tumors"

from an epizootiologic standpoint, under the erroneous assumption that they

were neoplasms caused by some environmental oncogenic agent most widely pre-

sumed to be a virus. X cell "tumors" affect more than 25 species of marine
and estuarine fish, within 3 teleost Orders and at least 6 Families. While

investigations of this disease should now fall mainly in the realm of para-

sitology and protozoology, rather than environmental cancer research, one

feature of the disease may still be of importance to cancer research. The

865



Laboratory of Pathology, DCBD, NCI

protistan parasite has demonstrated an uncanny ability to mimick neoplasia
and, like cancer, appears to have the ability to stimulate vascular neo-
genesis. It also stimulates non-neoplas tic proliferation of host epithelium.
Studies are now underway at the Nanaimo laboratory to determine whether the
disease can be cured with the anti-amoebacide, metromidazole.

Dr. Stanton's principal research for the past several years has been
pulmonary and pleural carcinogenesis using several animal models which he

developed. These have been described in previous annual reports. The chief
carcinogenic agents being studied with the beeswax pellet method are petroleum-
soluble air pollutants, tobacco smoke condensates, and asbestos and other
fibrous particles. In these experiments, some 4,000 rats have received
different fractions of toabcco smoke condensates. These condensate fractions
were obtained and are being studied in collaboration with investigators from
the Agriculture Research Center in Athens, Georgia. Results to date show the

PAH fraction is the most carcinogenic and that acidic fractions and methanol
sub-fractions are also carcinogenic. The significance is that removal of any
of these fractions from cigarette smoke might reduce pulmonary carcinogenicity.
Similarly PAH crude extract of air particulates (obtained from EPA) is also
carcinogenic for the lung and refined subfractions of these extracts are now
being tested.

In previously reported experiments Dr. Stanton has shown that durability
and fiber size (^0.25 |j.m diameter x >8 |j,m length) of asbestos and fibrous
glass were critical to the production of pleural and pulmonary neoplasms in

rats. Pleural neoplasms have now been produced in another species (BALB/c
mice) exposed to asbestos and fibrous glass particles. The data, from
experiments still to be completed, suggest that fibrous particulates less

than 0.01 |j,m and those with a diameter of 3 \im or larger are not carcinogenic.
Obtaining and working with particulates of uniform, appropriate size is

technically most difficult and these studies are being continued to elucidate
further the critical nature of particulate size and shape in carcinogenesis.
During the past year, Dr. Stanton has participated in studies of a number of

tumors which occur in Osborne-Mendel rats.' These tumors were collected in
this laboratory over the years from the autopsies of more than 4,000 aged
females of this strain. Of particular interest in this review are a type of

lipo-re ticular sarcoma of the kidney and also a variety of pulmonary tumors,
osteogenic sarcomas and mammary gland tumors. Studies of these collected
tumors will be useful in establishing incidence rates of spontaneous neoplasms
in 0-M female rats and for comparison of these rates with experimentally
induced tumors.

It is no less than tragic that Dr. Stanton expects he will have to phase
out his important investigations during the coming year because of his illness
and imminent retirement. Dr. Stanton's investigations in fiber carcinogenesis
are universally respected and will continue to have a strong positive impact
on the design and use of industrial fiber products. Possibly more important
are his contributions to the understanding of the basic processes in fiber
carcinogenesis. Dr. Stanton deserves highest praise for his original thinking
and incisive investigations. It must be hoped that others will be found to
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carry on the work in this field^ which carries such great relevance to the

cause and prevention of human cancer.

Dr. Banfield has established a cooperative arrangement with Dr. Hagins,

NIAMDD, which has led to the updating of the SEM electron probe X-ray micro-
analytical equipment. Dr. Banfield has continued to apply electron probe

instruments to suitable analytical problems in pathology as they have arisen.

For example, with Dr. Reichert, a pathology resident, he analyzed the tissues

of a patient who had died from widespread mammary carcinomatosis following
treatment with cis-pla tinum. The patient had shown neurologic disorders
suspected to have been related to the cis-platinum treatment. Dr. Banfield
performed SEM probe analysis on sural nerve, dorsal root ganglion, skin,

thyroid, kidney, and spleen. Platinum was undetectable in any of these

tissues, but the analyses unexpectedly revealed mercury in the renal tubular
epithelium and excessive amounts of Ca and P in the capillaries of the dorsal

root ganglion. These findings could then be related to the experimental
changes reported in dorsal root ganglia of rats subjected to chronic Hg
poisoning (an investigation done at lEHS by Dr. Sheldon Herman, once a

summer student in the Laboratory of Pathology). Although the source of Hg
exposure to the patient could not be determined, the study eliminated cis-

platinum as the suspected cause of the neurological changes and replaced it

with Hg as a plausible cause. This information was of obvious value to

clinicians contemplating further use of cis-platinum.

As another example. Dr. Banfield was submitted specimens of kidney from
monkeys suspected by Dr. Bernard Sass to have suffered from lead poisoning.

Standard chemical and his tochemical methods have failed to demonstrate Pb,

but with the high sensitivity of the electron probe method Dr. Banfield was

able to demonstrate Pb in many of the cells of the renal tubules, confirming
the suspicions of Dr. Sass.

Dr. Banfield continues his studies of the mineral changes taking place

in elastin during elastotic degeneration, and in relation to this is a partici-

pant in a study of calcification in Hancock valve transplants.

In the past year Dr. Banfield completed a comprehensive study of the

lamella-particle complexes found in a variety of neoplastic cells, particu-

larly certain lymphomas, as well as in virus-infected cells, in normal human

placental cells, and in retinal cells of beagle dogs. His work in this field

is the most detailed yet done, and has enabled him to develop a classification
of these complexes based on differences in lamellar ultras tructure.

F. Viral Oncology and Molecular Pathology Section

Dr. Young died in a tragic accident in February 1979. His work involving
the evolutionary divergence among different strains of Sindbis virus is being
completed by Dr. Rentier-Delrue, a Visiting Associate in his laboratory. A

presentation of this work was made at the 1979 American Society of Micro-
biology Meeting in Los Angeles, California. Under non-stringent nucleic
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hybridization conditions, two discrete groups of strains can be identified
which show only 45-50% homology with each other. Furthermore within each
zoo geographic subdivision, smaller nucleotide sequence differences could
be detected. The individual strains were stable with respect to year of
isolation, passage history, and host of origin. They hypothesize that
ancestral Sindbis virus became separated by geographical barriers and
evolved into 2 distinct subgroups, within which there has been further
evolutionary divergence.

Dr. Young's work involving the characterization of human breast cancer
cell lines and retroviruses will be continued and completed by Dr. Arya,
an IPA from Roswell Park Memorial Institute. The evaluation of four human
breast cancer lines has revealed no evidence of RNA tumor viruses by
analysis for particle associated RNA, RNA directed DNA polymerase activity,
morphologic evidence for budding sequences, or sequences homologous to a

mouse mammary tumor virus probe.

Dr. Howley, with Dr. M.-F. Law and in collaboration with Dr. Mark Israel
and Dr. Malcolm Martin of NIAID developed a new method for evaluating
nucleic acid homology among different DNAs. Essentially duplex structures
with significant mismatch are stabilized and detected at low temperature and
low formamide concentration. In combination with the Southern "blotting"
technique this approach can be used for performing a biochemical heteroduplex
analysis. They have used this approach to examine the homology among the
primate papovavirus SV40, BK, and JC. All gene regions contain significant
homology at the level of 257<= base mismatch. The strongest region conserved
are the sequences encoding the NH2-terminal end of the minor capsid protein
VP2. In collaboration with Dr. John Martin (Wisconsin Medical School) and
Dr. Kenneth Takemoto (NIAID), Drs . Howley and Law used two-dimensional
hybridization techniques under non-stringent conditions to orient the
physical map of JC DNA to those of BK and SV40.

With Dr. Carole Heilman, a guest worker, Drs. Howley and Law have used
recombinant DNA technology to clone the genome of JC virus. Since this
virus is difficult to grow in tissue culture, this now provides reagents
for examining the molecular biology of JC.

In collaboration with Dr. Mark Israel (NIAID), Drs. Howlej, Law, and
Heilman have cloned a number of papillomavirus genomes. This is an
important group of viruses which under certain circumstances has been shown
to be oncogenic in its own host. The type 5 human papillomavirus (HPV-5)
for instance is associated with a high probability of progression to
cutaneous carcinoma in patients with epidermodysplasia verruciformis. The
molecular biology and the nature of the virus-cell interaction for this
group of viruses have not been well studied primarily due to the lack of an
efficient cell culture system to propagate them in vitro . Cloning the
viruses circumvents this problem somewhat and allows the generation of
large amounts of standardized viral DNA to be used in analyzing these
viruses. To date they have cloned the following papillomaviruses.
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Virus Source Sites Cloned

HPV-la Plantar wart Bam HI, Ps

t

I

HPV-lb Plantar wart Pst I

HPV-2 Hand wart Eco RI
HPV-4 Plantar wart Bam HI
BPV-1 Fibropapilloma Bam HI, and Hind III
BPV-2 Fibropapilloma Hind III

Initial studies with the papillomavirus genomes by Drs. Howley and Law
in collaboration with Dr. Wayne Lancaster (Case Western Reserve University),
has revealed the presence of a set of sequences held in common with approxi-
mately 307o base mismatch. These sequences have been roughly mapped in the

HPV-la and BPV-2 genomes. A manuscript has been submitted to the Journal
of Virology with these findings.

Drs-. Costa and Rabson with Dr. Unnur Thorgeirsson have continued their

work on Fc receptors of herpesviruses. Purification of Fc binding proteins

from HSV infected cells has been partially achieved. A major band approxi-
mately 50,000 daltons in M.W. is present in SDS gels of eluants from IgG

affinity columns. The eluant appears to bind preferentially to IgG over

Fab '2, and hemagglutina tes 7S antibody coated red cells but not 19S coated

cells.

Induction of EBV lytic cycle in some EBV carrier cell lines increases

the percentage of Fc receptor bearing cells. The relation of lytic cycle

to the appearance of Fc is being studied.

Supravital fluorescent staining of cell membranes has been achieved. A

video intensification microscopy system is being set up in order to analyze

membrane changes during HSV infection.

Raymond Chau joined the laboratory in January. He will investigate
membrane changes in HSV infected cells and other cells by freeze etching

techniques

.

G. Quantitative Cytology Section - -
--' "

This section including Drs, Herman, Alabaster and Bentley and

Ms. Habbersett and Hamilton is responsible for the application of flow

microf luorometric analytic techniques to problems in diagnostic pathology

and cell biology.

A study of the application of FMF techniques to screening gynecologic

cytology specimens for pre-malignant and malignant lesions of the uterine

cervix has been completed. FMF analysis of these specimens using techniques

developed in the section has demonstrated a false negative error rate com-

parable to that achieved by manual cytology screening.
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Continued work has demonstrated the utility of fluorescent probes
analyzed by FMF techniques for analysis of chromatin structural changes in
malignant cells and in cells treated with chemotherapeutic agents. The
feasibility of this application of FMF as an early (18-24 hour) marker of
patient responsiveness to chemotherapy has been documented.

Development of more sophisticated mathematical analyses of multi-
parameter flow data has been pursued. These analyses utilize models from
standard statistical analyses, pattern recognition and image analysis to
provide multiple descriptors of cell populations. The application of these
techniques to tumor cell populations and white blood cells has been initiated,

H. Pathological Technology Section

The technology staff, under Mrs. Barbara Coolidge, is located in
Building 37. The section also has a working laboratory located at
Ft. Detrick in Frederick, Maryland. They provided all types of histological
services and staining procedures for scientists in DCBD and other divisions
of NCI. During FY 79 they processed more than 23,000 pieces of animal tissue,
cut and stained more than 23,000 H & E slides and prepared over 6,500 special
stained slides. They also prepared over 16,000 unstained for immunoperoxidase
studies and other special techniques. All types of animal tissues were
accepted in their laboratory and the more routine work is sent to private
contractors for sectioning and staining. There was a total of 125 NCI
investigators using the services of the section. In addition, a number of
specimens was submitted for embedding and sectioning for electron microscopy.
The quality and performance of the Pathological Technology staff continues
to be outstanding and they represent a major technical resource for the
research of scientists in the NCI. The section also prepares study sets
for the NCI Tumor Registry which are used by scientists all over the world
as well as NCI.
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The transmission electron microscope is applied to problems directly or

indirectly related to neoplasia. A comparison has been made of lamella-particle

complexes (LPCs) which are found in human and animal lymphoma cells, human

term placenta, human and beagle retina and Herpesvirus saimiri infected cells.

A tentative classification of LPCs is presented.

A characterization of a hematopoietic stem cell in human peripheral blood

by electron microscopy has failed.

A paper concerning the work on a snake chondrosarcoma and a trout nephro -

blastoma is being prepared with Drs. Dawe and Small.

A paper concerning the work on LPCs in the human placenta with

Drs. Sutherland and Middleton has been completed.
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Project Description

Ob iec tives : 1. To describe and interpret the ultras true ture of

selected pathologic states and to compare the results with suitable controls.

2. To look for and study the inciting agent or accompanying agent in

neoplastic and other disease states using human, animal and tissue culture
material.

Ma ior Findings : Lamella-particle complexes (LPCs), intracellular
structures consisting of one or more lamellae with ribosomes or ribosome-
like particles on the lamellar surface, are grouped on the basis of the

ultras true ture of the lamellae. Four groups were recognized: 1. Striated,
because of the alternating dark and light bands on cross and longitudinal
section. 2. Tubular, because of the long tubular profiles in tangential
section. 3. Dense beaded, because of the dense beads incorporated in the

lamellae on cross section and tangential section. 4. Fused particle,
because the lamellae appeared to be formed of a fusion of dense particles
in the order of 17 nm in diameter. An undefined group lacked sufficient
ultras true tura 1 information to assign them.

The presence of LPCs in the horizontal cells of the beagle retina was
confirmed and a comparison with human retinal LPCs made. The scalloped
profile of retinal LPCs in cross section was explained as a segmentation of

the lamella into overlapping curved segments which on longitudinal section
extended the length of the complex.

Significance to Biomedical Research and the Program of the

Ins ti tute : LPCs have been confused with other intracellular structures and

there is confusion in comparing LPCs found in cells of different tissues
with one another. Using our own and published material we have grouped
LPCs on the basis of intra lame liar structure which has helped to dispel the

confusion surrounding them.

Proposed Course : No further work on this project is contemplated other
than publishing the papers.
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This program is designed to investigate the ma^or causes and mechanisms

of pulmonary cancer in man through the study of lung cancer induced in

animals. A variety of inhaled air-pollutants that are petroleum-soluble are

being studied by incorporation into melted beeswax which can be infiltrated

into the lung or other organs to be retained with slow release over long

periods of time. Secondly, we continue to investigate those properties of

fibers critical to pulmonary and pleural carcinogenesis. Factors of special

concern this year have been the role that macrophages play in particulate

invasion of the lung.
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Project Description

Ob iec tives : Investigations into pulmonary carcinogenesis with the
suspect pulmonary carcinogens for man and the factors that might influence
their effect.

I. Wax Infiltrates of the Lung

Tobacco Carcinogenesis : Results of our tests with cigarette smoke con-
densate confirm that while the PAH fraction is by far the most carcinogenic
component, other components, particularly the acidic fraction and aqueous
methanol subfraction, augment carcinogenesis and are in themselves capable
of pulmonary tumor induction. However, the fact that they augment pulmonary
carcinogenesis would suggest that the removal of any of several components
of either the acidic or neutral fractions of CSC might reduce carcinogenicity
significantly. The results are also of significance in supporting the
similar findings of skin painting experiments, thus reinforcing the idea
that skin painting experiments are a valid means of determining pulmonary
carcinogenesis. In the studies with intrapulmonary deposits of cigarette
smoke condensates, a large series involving more than 4,000 rats has been
completed to determine the carcinogenic potential of 9 highly defined
fractions of the PAH of cigarette smoke condensate isolated by the
Agriculture Research Center, USDA, Athens, Georgia.

Pulmonary Carcinogenesis with Air Pollutants : Similar studies to those
above with extracts of collected air particulates have been surprisingly
successful. The PAH crude extract obtained from the EPA proved to be highly
carcinogenic for the lung. We are now in the process of testing the refined
fractions from this crude condensate.

Other Explorations : For some time now it has been challenging to learn:
1) How small a deposit of carcinogen impregnated wax would be carcinogenic;
and 2) What would be the response of other organs. These two projects are
now underway. Hopefully they may be instrumental in the development of
model cancers in such organs as the pancreas and salivary glands.

II . Fiber Carcinogenesis

Despite the handicap of working in temporary facilities pending re-
modeling and the uncertainty of animal housing that have continued through
the year, progress has been made in several of the areas outlined last year.

As previously reported, it is our thesis that the essence of fiber
carcinogenicity lies in the durability and dimension of the fiber. Current
correlation studies would indicate that maximum carcinogenicity resides in
fibers <. 0.25 (_i,m dia. x _> 8 [^m length. However, to be of practical signifi-
cance these figures need to be greatly refined. We have recently examined
and tested several ceramic fibers that have the great advantage of being of
remarkably uniform diameter. We have not been able to obtain exceptionally
fine fibers of this type although they could be synthesized. At diameters
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of 3 |j.m, the fibers are not carcinogenic. It seems invaluable at this point

to obtain uniform ultrafine ceramic fibers. There also is evidence of a

minimal size limit to fiber carcinogenicity, i.e. fibers less than 0.02 |im

in diameter tend to ball-up and cease acting as a f iber--consequently we

have seen only minimal evidence of cancer from attapulgite and halloysite.

The project with intrapleural applications of asbestos and fibrous

glass to BALB/c mice has been successfully completed with the establishment

of another species carcinogenic to both fibrous glass and asbestos. Lack

of carcinogenesis with the large diameter glass further confirms that this

phenomenon is not merely an example of "foreign body" carcinogenesis.

Finally, a major effort has been into refining methods for the deter-

mination of fiber dimension and size. After some exploration, we have

settled on a system of two montages at approximately lOOx and 500x on the

same fie Ids --permitting us to insure that all sized fibers are included in

the count. Errors and changes in the calibration of the scope from hour to

hour has been a sizeable problem. Our most recent approach has been used

on 13 crocodolite samples that have a wide range in carcinogenicity. All

that remains to do now is the counting and calculating. Perhaps this will

be reserved for when the lab becomes completely active.
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The purpose of this study is to morphologically identify the mechanism
by which lysosomal enzymes are secreted and taken up by human fibroblasts .

Ultras true tural cytochemistry has been used to identify lysosomes and a

network of lysosomal enzymes, called GERL . Various parameters including
culture conditions , transformation, and lysosomotropic drugs will be studied

for their effects on lysosomals and GERL formation. In addition, localization
of the surface receptors of lysosomes will be attempted by means of antibody
techniques

.
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Project Description

Obiectives : To morphologically identify the mechanism by which human

fibroblasts secrete and absorb lysosomal enzymes.

Ma ior Find ings : Two populations of lysosomes can be identified by

biochemical and ultras true tural cytochemical methods in cell fractions in

addition to intact fibroblasts. These populations appear to be constantly

present in normal fibroblasts but vary in relative amounts.

Significance to Biomedical Research and the Program of the

Institute : The identification of two populations of lysosomes in normal

fibroblasts is a significant advancement in understanding the function of

the GERL, golgi apparatus and lysosomes. An understanding of these

mechanisms will lead to the pathogenesis and treatment of some genetic

diseases as well as the role that these organelles play in the neoplastic

process.

Proposed Course : Various parameters including culture conditions,

transformation, and lysosomotropic drugs will be studied for their effects

on GERL and lysosomes. In addition, the surface receptor for the uptake

of lysosomes will be localized utilizing immunohis tochemical techniques.

Publications

1. Rome, L.H., Garvin, A. J., Allietta, M. , and Neufeld, E.F.: Two

species of lysosomal organelles in cultured human fibroblasts. Ce 11 , in

press

.
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In a recent report (Hallgren et al., J. Biol. Chem. 252: 1014-1022,
1023-1033, 1034-1040, 1977) described the isolation and chemical structure of

several oligosaccharides in urine from 3 pregnant or lactating women. Some
of these were oligosaccharides with human Le^ or Le'^ blood group activity.
Using a radioimmunoassay developed in our laboratory we examined the urinary
excretion of Le'-'-active oligosaccharides in urine of 138 pregnant or lactating
women of different Lewis blood types. The amount of Le°-active oligo-
saccharides in urine during pregnancy and lactation correlates with Lewis
blood type and with the strength of expression of Le'^ antigen on erythrocytes.
The site of origin of these oligosaccharides has not been defined but several
lines of indirect evidence suggest they may originate in mammary gland .
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Project Description

Obiectives ; To determine qualitative and quantitative patterns of

urinary excretion of Let>-active oligosaccharides during pregnancy and

lactation.

Methods Employed : A radioimmunoassay method using goat antiserum

prepared by immunization with a synthetic glycoconjugate containing the

Le'^-active oligosaccharide lacto-N-difucohexaose I as previously described

(Zopf, D.A. et al., J. Immunol. 115: 1525, 1975).

Ma jor Findings : 1) Radioimmunoassay can be used as a convenient

method for accurate determination of oligosaccharides in unpurified urine.

2) Excretion of Le^-active oligosaccharides increases gradually during

pregnancy, reaches a maximum in the third trimester and early postpartum

period, and continues until lactation ceases. 3) Amounts of Le°-active

oligosaccharides in urine correlates with Lewis blood group and with the

strength of expression of Le*-" antigen on red blood cells.

Significance to Biomedical Research and the Program of the

Institute : This is the first demonstration of the utility of the radio-

immunoassay method for detecting specific oligosaccharides in a complex

mixture. It is also the first quantitative description of excretion of

urinary oligosaccharides and their correlation with blood type. The

available evidence suggests that mammary gland may be the ultimate source

of these oligosaccharides, and that they might provide an index of

metabolic activity of breast epithelial cells.

Proposed Course : The project has been completed.

Publications

1. Zopf, D.A., Ginsburg, V., Hallgren, P., Jonsson, A.C.,

Lindberg, B.S., and Lundblad, A.: Determination of Le°-active oligo-

saccharides in urine of pregnant and lactating women by radioimmunoassay.

Eur. J. Biochem. 93: 431-435, 1979. .. ......
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SUMMARY OF WORK (200 words or less - underline keywords)

CBA/N mice are an inbred strain of animals that exhibit an X-linked
deficiency in immune responsiveness to certain carbohydrate antigens including
dextrans. Isoma Itodextrins derived by partial enzymatic or acid hydrolysis
of dextran were coupled as haptens to the protein carrier keyhole-limpet
hemocyanin and were used as immunogens. These glycoconjuga tes were used to
study formation of antibodies that bind dextran in normal BALB/c and
(CBA/N X BALB/c) ?

-^
females and males.
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Project Description

Ob 1 active

s

: To investigate immune responsiveness of CBA/N and normal
mice to isomaltodextrin oligosaccharide determinants coupled to a protein
carrier.

Methods Employed : Isomaltodextrins are prepared by partial enzymatic
or acid hydrolysis of Leuconos toe mensenteroides strain 512. Oligo-
saccharides are derivatized with p- (p-aminophenyl) ethylamine and coupled
to KLH after activation to the isothiocyana te. Immune responses are
monitored by isoelectric focusing of mouse sera or hemolytic plaque assays
of spleen cells.

Major Findings : Antibodies that bind dextran can be elicited by
immunization with isoma Itotriosyl-KLH or isoma Itohexaosyl-KLH in

(CBA/N X BALB/c) F, males (defective) and females (normal) as well as in
other normal mice. Antibodies from normal and defective animals have
similar spectrotypes by isoelectric focusing. These results show that
CBA/N mice which fail to respond to dextran B512 can make antibodies that
react with dextran following immunization with isomaltosyl oligosaccharides
coupled to a protein carrier.

Significance to Biomedical Research and the Program of the
Ins titute : The immune deficiency of CBA/N mice for response to poly-
saccharide antigens apparently can be circumvented when polysaccharide
determinants are presented via a "T cell dependent" route. This finding
opens a possible route to vaccination against bacterial organisms (e.g.
pneumococcus ) with surface polysaccharides that contain abundant repeating
carbohydrate sequences but which may be poorly immunogenic in their native
state.

Proposed Course : The effects of length of oligosaccharide chain, epi-
tope density, and modification of protein carrier will be investigated.
Documentation of an apparent difference in IgG subclasses between responding
and CBA/N X BALE F^^ females and males will also be carried out.
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Vero cells grown in culture are treated with galactose oxidase to

generate aldehyde moieties in the 6-position of non-reducing terminal
galactose and galactosamine residues in surface glycoproteins and glycolipids .

Subsequent treatment with Lucifer yellow carbohydrazide and reduction with
sodium borohydride confers a fluorescence label to glycoconjugates in the
cell surface membrane.
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Project Description

Objectives : To develop a method for fluorescence labelling of surface

glycoconjuga tes in living cells in order to follow their migration by

direct observation and by fluorometry of purified cell fractions.

Methods Employed : Commercial preparations of galactose oxidase were

used on Vero cells maintained in our laboratories in continuous culture.

Lucifer yellow carbohydrazide was prepared by Walter Stewart. Redistribution

of the surface label on cells is observed directly by fluorescence microscopy

or is recorded by time-lapse video tape via a highly sensitive TV camera

adapted to the fluorescence microscope.

Major Findings : Bright surface fluorescence is seen in cells treated

with galactose oxidase, then with Lucifer yellow carbohydrazide. No label

is seen if galactose oxidase is omitted or if enzyme treated cells are

treated with sodium borohydride before Lucifer yellow carbohydrazide.

Labelled cells remain viable for several days. Fluorescent label initially

associated with the cell surface can be seen within the intracellular

compartment.

Significance to Biomedical Research and the Program of the

Institute : This method offers a way to examine the fate of cell surface

glycoproteins in living cells at intervals after labelling. Specifically

it will enable us to examine the question: Do viral glycoproteins appear

as host cell surface components prior to incorporation into the virus

partic le ?

Proposed Course : This project has been delayed several months in order

to obtain an incubator adapted to a fluorescence microscope and the required

video camera and recording equipment. It will resume in a few weeks.
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A glucose -containing tetrasaccharide with the chemical structure
Glcal-6GlcO;l-4Glcal-4Glc is excreted
of individuals with glycogenoses and
(Lennartson, G. et al, Biomed. Mass S

oligosaccharide probably represents a

it occurs as a limit dextrin after ex
amylase. Using an immunogen prepared
protein carrier KLH we have obtained
detect 100 pico moles of the reduced
This assay will be used to study the
and excretion of the oligosaccharide.

in abnormally large amounts in the urine
in some types of muscular dystrophy
pectroraetry 3: 51-54, 1976). This
n abnormal metabolite of glycogen in that
haustive treatment of glycogen with
by coupling the oligosaccharide to the

specific antibodies that can be used to
oligosaccharide by radioimmunoassay ,

relationship between glycogen metabolism
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Project Description

Ob jec tives : To determine the relationship between urinary excretion of

a specific glucose-containing te trasaccharide (G)^ and altered states of

glycogen metabolism.

Methods Employed ; A radioimmunoassay method was devised using rabbit

antiserum prepared by immunization with a synthetic glycoconjuga te con-

taining (G)^ coupled to KLH. Specificity of the assay was established by

comparing relative activities of (G), and several other glucose-containing
oligosaccharides with related structures as inhibitors in the assay. The

assay has greatest sensitivity and specificity for reduced (G),.

Major Findings : Measurements of (G)/ excretion in urine of patients
with various metabolic diseases^ neuromuscular diseases, and tumors has

recently begun at the Department of Clinical Chemistry, University of Lund,

Lund, Sweden. No results of clinical testing are available as yet.

Significance to Biomedical Research and the Program of the

Ins titute : The radioimmunoassay for (G)^ in human urine will replace the

presently used direct chemical analysis which requires several days workup
for each sample to be analyzed by gas chromatography/mass spectrometry.
Screening of large numbers of individuals with neuromuscular disease may

clarify chemical relationships between various forms of these diseases and

lead to a clearer understanding of defects in glycogen metabolism.
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SUMMARY OF WORK (200 words or less - underline keywords)

Purified alpha subunits from human chorionic gonadotropin, TSH, FSH ,

and LH will be treated with neuraminidase and then subjected to alkaline

borohydride degradation followed by trifluoroace to lysis . Oligosaccharides

released by the alkaline borohydride step will be studied by gel filtration,

methylation analysis and mass spectrometry of the permethyla ted oligo-

saccharide derivatives. Conditions for trif luoroacetolysis will be adjusted

so as to destroy reducing amino sugars after release of oligosaccharides

from chitobiosyl-asparagine linkages. Following removal of N- trif luoroace tyl

groups from any remaining amino sugars in the mixture, oligosaccharides will

be subjected to ion exchange chromatography to separate "high mannose" from

"complex" type chains. The oligosaccharides obtained will be subjected to

gel filtration chromatography, high voltage electrophoresis in borate buffer,

and paper chromatography to investigate possible heterogeneity of carbohydrate

chains. Fractions will be monitored by sugar analysis at each step.
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Project Description

Ob jec tives : To investigate possible differences in structure of

carbohydrate chains among alpha subunits of human polypeptide hormones.

Methods Employed : We are applying a recently developed method -

trif luoroace tolysis - that hydrolyses the polypeptide portion of glycoproteins

but leaves carbohydrate chains intact. Conditions can be adjusted so as to

selectively destroy certain sugar residues such as reducing amino sugars.

Heterogeneity of sugar chains will be investigated by gel filtration^ high
voltage paper electrophoresis in borate buffers^ and analysis of mono-
saccharide components by gas chromatography and mass spectrometry after
conversion to their alditol acetates. Further structural analysis will be

carried out if sufficient material is available.

Major Findings : We have recently received purified hCG from the Center

for Population Research of NICHDD. Analysis of this material is in progress.

Significance to Biomedical Research and the Program of the

Ins ti tute : If our examination of alpha subunits derived from different poly-

peptide hormones reveals differences in their patterns of glycosyla tion,

these differences in carbohydrate structure may serve as a marker for the

cell of origin for endocrine tumors that secrete alpha subunits. At present

radioimmunoassays used to classify endocrine tumors on the basis of the

hormones they produce identify beta subunits but cannot distinguish alpha

subunits produced by different endocrine cell types.
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SUMMARY OF WORK (200 words or less - underline keywords)

Hyperpara thyroid ism in man is a syndrome charac terized- by e'levated

parathormone secondary to at least two disorders: 1) diffuse hyperplasia of all
four parathyroid glands and 2) parathormone production by a single adenoma .

Histologic distinction between single and multiple gland disease is frequently
impossible, yet this is desirable, since treatment is different. Known adenomas
are being compared to known hyperplastic tissue biochemica lly and ultra -

s true tura lly ; criteria developed from this study group will then be applied to

a larger group of uncertain etiology in an attempt to separate patients with
diffuse hyperplasia from those with adenomas. Unique morphologic features are
being sought in an effort to discriminate the two groups at the time of initial
surgery. Ultras true tural analysis of parathyroid tissue is being compared to
other criteria namely 1) Clinic opathologica 1 diagnosis; 2) In vitro calcium
suppressibility of parathyroid cells; 3) ABO surface antigen presence or

absences

.
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Project Description

Ob jec tives : To define unique morphologic features of hyperplastic
versus adenomatous tissue^ as determined by biochemical analysis of tissue

in conjunction with definitive surgery.

Methods Employed ; Routine techniques.

Significance to Biomedical Research and the Program of the

Ins titute : Distinction between autonomous parathyroid adenomas and secondary
parathyroid hyperplasia is frequently impossible at present. The ability to

do so would allow appropriate therapy initially, in contrast to the frequent
reoperation for persistent hyperparathyroidism or occasional iatrogenic
hypoparathyroidism which result from current therapy. Single dominant gland
biopsy and study could obviate bilateral neck explorations which are the

rule currently. The NIH is referred a unique group of patients who have
persistent hyperparathyroidism following prior unsuccessful surgery. The

ability to know at the time of reoperation whether or not an abnormal gland

that is found can be expected to be the only pathological tissue (i.e. single
gland disease) would make a major impact on patient morbidity from prolonged
extensive reoperative surgery.

Proposed Course : Over forty patients have been operated on and their

tissues characterized histologically and biochemically. Ultras true tural

examination of these same tissues, without foreknowledge of the diagnosis,
is currently in progress. Criteria are being established; cases will then
be separated into hyperplasias, adenomas, normals, or indeterminate; these

groups will then be compared to groups based on biochemical data, and these
to histologic diagnosis. The discriminatory value of this multimodality
approach will then be assessed. If promising, these criteria will be applied
prospectively to uncharac terized cases, as an initial exercise for possible
clinical use.
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SUMMARY OF WORK (200 words or less - underline keywords)

Amelanotic melanoma in vivo and in vitro can be exceedingly difficult to

identify with certainty. Melanosomes , when present by electron microscopy,
are unique to this tumor. Frequently, however, atypical melanosomes or no
cytoplasmic granules are present. In such cases, diagnosis and therapy are

jeopardized by this ambiguity. This project is intended to define the limits
of melanosome morphology unique to melanoma, and to corroborate this with
forma Idehyde- induced autofluorescence of the same tissue or culture.
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Project Description

Ob iec tives : 1. Clarification of what morphologically constitutes a

melanosome in melanoma cells. 2. Identification of additional morphologic
characteristics of melanoma cells. 3. Evaluation of the reliability of the

paraf ormaldehyde-induced autof luorescence techniques in the diagnosis of

melanoma

.

Methods Employed ; 1. Early passage melanoma lines established from
melanoma patients diagnosed by rigid criteria in our institution (and other

lines for comparison). 2. Conventional electron microscopy. 3. Para-
formaldehyde-induced autof luorescence as adapted to tissue culture cells.

Ma i or Findings : Results so far have emphasized the extreme morphologic
variability of melanoma cells and normal fibroblast paired cultures, as well
as the necessity for precise technique when utilizing the FIF technique.

Significance to Biomedical Research and the Program of the

Institute ; Metastatic melanoma is one of the most frequently misdiagnosed
neoplasms seen in this institute, usually by lack of recognition. More
precise and sensitive criteria are needed, both for diagnostic purposes and

for immunotherapeutic purposes; e.g., melanoma cultures intended for pro-

duction of melanoma antigens and antisera are worthless, or worse, if the

actual cell lineage is incorrect or unknown.

Proposed Course : Additional assays, such as endogenous peroxidase
activity, DOPA and tyrosine uptake (with me laniza tion), and tyrosinase
activity will be added to the above methods. Also, appropriate apparatus for

more sensitive detection of FIF will be procured.
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SUMMARY OF WORK (200 words or less - underline keywords)

Wound dehiscence in patients treated with chemotherapeutic agents such
as Adriamycin is more frequent than in untreated surgical patients. The
nature of the defect is unclear, but perhaps relates to a defect in collagen
synthesis or maturation . Reduced wound breaking strength is observed in

experimental animals treated with Adriamycin. The source of this decreased
wound strength is being examined.
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Project Description

Ob jec tives : To determine the mechanism of decreased wound strength in

patients treated with Adriaraycin.

Methods Employed : 1. Measurement of new collagen synthesis by metabolic
incorporation studies. 2. Tensile strength of intact excised wounds using
labelled proline, a device designed for this project. 3. Statistical analysis
of collagen fibre diameters in wounded and non-wounded dermis, using calibrated
electron micrographs. 4. Confirmation of wound and non-wound used for above

determinations by light microscopy.

Major Findings ; 1. Scan collagen accumulation in wounded animals
treated with Adriamycin is reduced compared to normal wounded controls as

determined by the ratio of "new" collagen (i.e., radiolabelled) to total

collagen. 2, The average collagen fibre diameter is reduced in scar for

Adriamycin treated animals. 3. No collagen maturation defect was identified.

Proposed Course ; This project is complete.

Publications

1. Devereux, D.F., Triche, T.J., Webber, B.L., Thibault, I.E., and

Brennan, M.F.: A study of Adriamycin reduced wound breaking strength in

rats: An evaluation by light and electron microscopy, induction of collagen
maturation and hydroxyproline content. Cancer, in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

This is a general program in the diagnosis and recognition of behavioral
patterns in the tumors of laboratory animals employing techniques in light
and electron microscopy and histochemistry. Major interest is currently
focused on tumors of the Osborne-Mende 1 rat, since more than 4,000 aged
females of this strain have been necropsied in this laboratory.
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Project Description

Ob iec tives : A study and accessioning of cancer in laboratory animals.
Collection and development of competence in special areas of cancer
morphology. Studies of histopathological and fine structure alterations
related to the pathogenesis of disease induced by oncogenic viruses and

other carcinogens.

Major Findings ; This year a new project was initiated primarily to

understand several common but poorly studied tumors of the 0-M rat. At
the terminal sacrifice of non-inbreds on other experiments any rats with
unique tumors had their tumors removed and fixed for EM and additionally
grafted into our collection of inbred 0-Ms . To date we have had no success

at grafting 6 tumors; however, we feel that our chances of success are

moderately good. Graft failure does not prevent EM analysis of course. Our

major interest is in the lipo-re ticular sarcoma that is relatively common

in the kidney of this strain. All varieties of lung tumors are under study
as well. The goal of finding a simple method for grafting and maintaining
tumors of non- inbred animals is being investigated.

An ongoing program has been the development of special competence in

the histopathological and fine structural aspects of tumors of the lung,

bone and mammary glands of rodents. Collection and examination of induced

and naturally occurring bone tumors has been in progress for more than

5 years and will continue.

Proposed Course ; Tumors of all types will be transplanted into inbred

rats in an effort to learn more about specific tumors. We have through the

past 5-6 years acquired an extensive catalog of neoplasms of all types that

develop in aged female Osborne -Mendel rats. This data will be collated in

an effort to establish normal incidence rates for our colony. In addition,

time will be devoted to training in electron microscopy, studies of

neoplasia in lower animals and preparation of a monograph on lung tumors in

rats.

This project will be phased out during this year with the imminent
retirement of the principal investigator.

Publications

1. Stanton, M.F.: Tumors of bone. WHO Monograph Pathology of

Tumours in Experimental Animals , vol. II, Tumours of the Mouse, in press,
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SUMMARY OF WORK (200 words or less - underline keywords)

Stained tissue sections are the fundamental basis of all clinical and

experimental studies of cancer. The Section prepares histological sections

for the investigators of the National Cancer Institute. It makes available

all the established routine and special stains and in addition develops

and provides the current experimental methods of tissue preparation such

as enzyme stains and spec if ic histological stains.
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October 1, 1978 - September 30. 1979

Number of investigators 125

Number of pieces of tissue 23, 806

Number of bottles of tissue 9,495

Number of blocks cut 14,456

Number of blocks cut serially 1,070

Number of frozen blocks cut 245

Number of blocks recut 1, 690

Number of slides stained H & E 33,626

Number of slides stained special 6,527

Number of unstained slides 16,190

Number of slides, H & E, special and unstained 56,343
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SUMMARY OF WORK (200 words or less - underline keywords)

IgE bound to the surface of mast cells and/or basophils is responsible
for the immediate hypersensitivity reaction . This response once established,
persists for prolonged periods of time. We have recently shown that the

mechanism is not due to internalization (J. Immunol., in press). Cross linking
of the IgE by allergen (or other means) is normally necessary to elicit cell
degranulation, which results in histamine release. We wish to determine if

analogous, chemically induced cross linking affects the fate of IgE compared
to monomeric IgE.
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Project Description

Objectives ; To study the effect of IgE cross linking on its fate

after cell surface binding.

Methods Employed ; 1. Radiolabelled IgE binding assays. 2. Electron

microscopic autoradiography. 3. Statistical analysis using Salpeter's

technique

.

Major Findings ; Preliminary findings demonstrate profound differences

in the cellular response to monomeric, dimeric, and trimeric IgE.

Significance to Biomedical Research and the Program of the

Institute ; These findings will help clarify the mechanism by which hyper-

sensitivity reactions, mediated by cell bound IgE reactive with specific

allergens, can be provoked after prolonged periods of time.

Publications

1. Isersky, C, Rivera, J., Mims, S.J., and Triche, T.J.: The fate of

IgE bound to rat basophilic leukemia cells. J . Immunol . , in press.

899



SMITHSONIAN SCIENCE INFORMATION EXCHANGE U.S. DEPARTMENT OF

PROJECT NUMBER (Do NOT use this space) HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 00520-01 LP
PERIOD COVERED

October 1, 1978 to September 30, 1979
TITLE OF PROJECT (80 characters or less)

Surface Disposition of Cell Bound IgE with Time

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: T.J. Triche Chief, Ultrastructural Pathology

Section (Surgeon)

C. Isersky Senior Investigator

OTHER: S.J. Mima Biologist

J. Rivera Biologist

LP NCI

A&R NIAMDD
LP NCI
A&R NIAMDD

COOPERATING UNITS (if any)

LAB/BRANCH

Laboratory of Pathology
SECTION

Ultrastructural Pathology Section
INSTITUTE AND LOCATION

NCI, NIH, Bethesda, Maryland 20205
TOTAL MANYEARS: PROFESSIONAL:

CHECK APPROPRIATE BOX(ES)

(a) HUMAN SUBJECTS

n (al) MINORS (a2) INTERVIEWS

D (b) HUMAN TISSUES (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

Antigenic responsiveness to allergens is imparted to mast cells and

basophils by specific membrane binding of allergen binding IgE . Other cells

have been shown to bind ligands non-randomly , especially to microvilli
(dePetris, Nature 272: 66-68,1978). Further, cell bound IgE has been shown to

survive for prolonged periods of time on the cell surface (Isersky, Rivera,

Mims , and Triche, J. Immunol., in press). This study attempts to determine
whether the prolonged survival is related to cellular re-distribution away

from sites of active endocytosis

;

i.e., onto microvilli

.
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Project Description

Obiectives ; To determine the mechanism whereby mast cells and basophils

retain cell bound IgE for prolonged periods of time.

Methods Employed ; 1. Radiolabelled IgE binding studies. 2. Electron

microscopic autoradiography. 3. Statistical analysis using Salpeter's

technique

.

Major Findings : This study was prompted by the finding this past year

that IgE is not internalized via endocytosis or phagocytosis. We now wish

to determine the mechanism by which IgE escapes the normal' cellular catabolic

mechanisms . _. _,

Significance to Biomedical Research and the Program of the

Institute : Understanding of the mechanism by which individuals retain

immediate hypersensitivity to various haptens such as pollen and insect

venom for exceedingly prolonged periods of time is hampered by an incomplete

understanding of the cellular mechanisms by which IgE is retained on the

cells mediating this response. This study is designed to clarify the

mechanisms involved.

Publications

1. Isersky, C, Rivera, J., Mims , S.J. , and Triche, T.J. : The fate of

IgE bound to rat basophilic leukemia cells. J . Immunol . , in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

The type and amount of collagen synthesized by tumor cells in vitro
appears to be altered from that of cultured normal cell counterparts (Stern

et al., Cancer Research, in press). We wish to broaden these observations to

a variety of human sarcomas , and determine whether differentiation in vitro
induced by differentiating agents will cause a reversion to more normal
patterns of collagen syntnesis , and whether these patterns might allow more
precise categorization ot the tumor's origins. In addition, the analysis will
include a search for any new or atypical collagens unique to these tumors.

Such collagens, if identified, might be valuable in tumor diagnosis.
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Project Description

Objectives : We wish to study collagen synthesis by normal and tumor

cells in vitro , in cultures established by us from patients with known

disease

.

Methods Employed : These lines will be carefully evaluated for tumor

cell growth, using all available techniques (chromosome analysis, density

dependent growth, tumor production in nude mice, etc.)- Collagen synthesis

will be evaluated by ion exchange chromatography, slab gel electrophoresis,

and autoradiography of radiolabelled cells.

Major Findings : 1. Tumor cells appear to produce greater amounts of

type III procollagen than type I procollagen. 2. The effect of differ-

entiating agents such as DMSO and HMBA on the ratio of type Ill/type I

collagen synthesis is unclear, contrary to previous reports. 3. Total

collagen synthesis, and the conversion of procollagen to collagen, must be

quantitated before any meaningful comparison can be made.

Significance to Biomedical Research and the Program of the

Institute : In vitro correlates of malignancy are generally imprecise and

unreliable. A reliable indicator of tumor growth as opposed to fibroblast

overgrowth, in culture, is needed if meaningful study and comparison of

tumor versus normal cells in culture is to proceed. Other protein candidates,

such as fibronectin (or LETS), are not reliable. It is hoped that quantitative

and qualitative analysis of collagen synthesis may provide a reliable index

of tumor vs. normal cell biology.

Proposed Course : Ancillary techniques, such as quantitation of total

collagen synthesis and quantitation of collagen by type as well as procollagen

by type, are being incorporated.
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SUMMARY OF WORK (200 words or less - underline keywords)

Fibronectin is generally lost from virally induced tumors in vitro .

In contrast, human malignancies in vitro may or may not possess fibronectin
on their surfaces; examples of each have been reported. Since the cells are
grown in serum containing fibronectin . the distinction between adsorbed and
synthesized fibronectin must be made. Metabolic incorporation of radio-
labelled precursors indicates synthesis and binding generally correlate well

;

non-specific adsorption of bovine fibronectin does not appear to occur;
thus, loss of fibronectin from the cell surface does not uniformly occur in
human tumors in vitro.
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Project Description

Ob jectives : 1. To define whether or not fibronectin synthesis and

binding are functions Lost by malignant cells. 2. To study the nature of

fibronectin binding and its relationship to other proteins such as collagen

and integral membrane proteins.

Ma ior Findings : 1. Fibronectin is present in some human malignancies

in vitro . 2. Fibronectin is also synthesized by these same cells.

J7 There is no correlation between in vj.tr

o

fibronectin synthesis and tumor

production in nude mice. 4. Fibronectin is not of value as an in vitro

index of malignancy.

Significance to Biomedical Research and the Program of the

Institute : Reliable indices of in vitro malignant cell growth are necessary

if the phenomenon of malignant transformation is to be studied. Classical

indices, such as phenotype, chromosomal analysis, and contact inhibition,

are not reliable. Loss of fibronectin has been suggested as such an indi-

cator; recent work by ourselves and others indicates this is not true, at

least in the case of human cells.

Proposed Course : Other facets of fibronectin synthesis and binding

should be evaluated, such as the distribution of fibronectin over the cell

surface in normal and tumor cells, the binding affinity, and the interaction

with substrate proteins such as collagen.
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SUMMARY OF WORK (200 words or less - underline keywords)

Herpes simplex induces a receptor for the Fc portion of IgG. Purification
and biochemical characterization of the Fc binding activity will contribute
to the understanding of the receptor and its possible biological role.

Changes in the membrane of cells infected by HSV are being characterized by
freeze-etch studies.
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Project Description

Purification of Fc binding proteins from HSV infected cells has been
partially achieved. A major band approximately 50,000 daltons in M.W.

is present in SDS gels of eluants from IgG affinity columns. The eluant

appears to bind preferentially to IgG over to Fab '2, and hemagglutina tes

7S antibody coated red cells but not 19S coated cells.

Induction of EBV lytic cycle in some EBV carrier cell lines increases

the percentage of Fc receptor bearing cells. The relation of lytic cycle

to the appearance of Fc is being studied".'

y'

Supravital fluorescent staining of cell membranes has been achieved. A

video intensification microscopy sys tem~is~'being set up in order to analyze

membrane changes during HSV infection.

Raymond Chau joined the laboratory in January. He will investigate
membrane changes in HSV infected cells and other cells by freeze etching
technique

.

Proposed Course : (a) Define the relationship of EBV cycle to

lymphocyte Fc receptors. (b) Explore the effects of Fc engagement upon

EBV cycle. (c) Identify HSV transformed lines (either oncogenic trans-

formants or TK transf ormants ) that express Fc receptors, (d) Investigate

the effect of Na butyrate on the replication of DNA viruses.

Publica tions

1. Nakamura, Y., Costa, J.C, Tralka, T.S., Yee, C.L., and Rabson, A.S.

Properties of the cell surface Fc-receptor induced by herpes simplex virus.

J. Immunol . 121: 1128-1131, 1978,

2. Costa, J.C, Yee, C.L., Nakamura, Y., and Rabson, A.S.:

Characteristics of the Fc receptor induced by herpes simplex virus.

Intervirology 10: 32-39, 1978.

3. Costa, J.C. and Rabson, A.S.: Latent infection by herpes simplex

virus. Pa thol. Ann . , in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

A detailed investigation of retroviruses in four new human breast cancer
cell lines did not yield unequivocal evidence for viral functions. The cell
lines did not display particle-associated RNA and RNA directed DNA polymerase.
The genome of these cells did not contain mouse mammary tumor viru s (type B)
related DNA sequences. Similarly, electron microscopic search for budding
particles gave negative results.

In a related study with mouse model system, we found that mouse breast
tumor cells (Mra5mt/c]^) display age-related switches in retroviral gene
expression . While the early passage cells produce mainly type B virus (MMTV),
the late passage cells produce predominantly , ecotropic type C virus. Though
type B virus production is shut down, the late passage cell continues to
synthesize type B viral RNA. The lesion appears to lie at the level of
processing of type B viral mRNA.
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Project Description

Objectives : To investigate the regulation of viral and cellular gene

expression and their modulation by hormones and other chemical agents.

Methods Employed : The major methods employed include molecular

hybridization (conventional and Southern blotting), cell free protein

synthesis, and radioimmunoassays.

Major Findings : Four new human breast cancer cell lines were examined

for retrovirus-like functions. Our dete'rminations included a search for

particles by electron microscopy, extracellular and intracellular RNA and

reverse transcriptase by biochemical assays, and mouse mammary tumor virus

(type B) related DNA sequences by molecular hybridization. We did not

obtain an unequivocal evidence for expressed or unexpressed viral function

in any of the four cell lines. This was regardless of whether the cells

were in early or late (at least a year in culture) passage or had been

subjected to treatments known to induce or enhance virus expression.

Studies are now in progress to determine if these cells contain DNA sequence

related to simian sarcoma virus (type C) and Mason-Pfizer monkey virus

(type D).

In a related study with mouse model system, we found that mouse mammary

tumor cells (Mm5mt/C]^) display age-related switches in retrovirus gene

expression. While the early passage cells produce mainly type B virus

(MMTV), the late passage cells produce predominantly ecotropic type C

virus (es). Though the type B virus production is shut down, the late

passage cells continue to synthesize type B viral RNA. The lesion appears

to lie at the processing of type B viral mRNA ; all the virus specific

information, though present in the cell, cannot be found on the polysomes.

Regarding type C virus induction, it is plausible that this is due to the

translocation of virogenes from repressed regions in early passage cells to

active region of chromosomes in late passage cells. Alternatively, a

repression type control may operate in early passage cells that breaks down

in late passage cells.

Significance to Biomedical Research and the Program of the

Institute : A delineation of control elements regulating viral and cellular

gene expression may provide insights for understanding malignant transfor-

mation. An investigation of modulation of viral and cellular functions by

hormones and other chemical agents may lead to the development of new

diagnostic and therapeutic modalities.

Proposed Course : Concomitant with studies noted above, we have

initiated studies investigating the expression and/or lack of expression of

alpha lactalbumin, casien and collagen gene in breast cells. We are

particularly interested in hormonal (e.g., prolactin) modulation of lactal-

bumin gene and cyclic AMP and butyrate modulation of collagen gene. Other

workers have isolated mRNA for these genes and have demonstrated that fully

representative cDNA for these genes can be obtained. Collagen gene has
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already been cloned and we anticipate the cloning of lactalbumin and casien
gene in the near future. Thus^ the methodologies for" preparing the reagents
needed for evaluating the expression of these genes by molecular hybridiza-
tion are available. These genes have thus far been obtained from species
other than humans. For our studies on the expression of these genes in
human breast cells^ we will initially make the reasonable assumption that
human genes are related to the genes of other mammalian species. If and
when needed, a direct attempt will be made to isolate specific mRNAs from
human breast cells.

Coupled with the investigation of modulation of viral gene expression,
these studies will be directed towards determining if virai and cellular
genes are- regulated in a similar manner,_ if they are coordinately controlled
and modulated, and what effect the expression of one set of genes has on

the other.

Publications

1. Job, L., Carter, W.A., and Arya, S . K. : Reverse transcriptase
activity in extracts of human prostatic tissues. Oncology 35: 202-205,
1978.

2. Chawda, R. , Job, L. , Horoszewicz, J.S., Carter, W.A., and Arya, S.K.
Effect of bromodeoxyruidine and interferon on cellular and viral functions
in human prostatic cells. Oncology , in press.

3. Job, L., Arya, S.K., Carter, W.A., and Horoszewicz, J.S.: Oncorna-
virus-like particles produced by human prostatic explant cultures. Oncology ,

in press.

4. Arya, S.K.: Simian sarcoma virus related sequences in DNAs from
human prostatic tissues. Oncology , in press.

5. Arya, S.K., Gordon, B., and Young, N.A.: Polynucleotide inhibition
of RNA directed DNA polymerase of type B (MMTV) and type C (SiSV) retro-
viruses. Molec. Pharmacol ., in press.

6. Arya, S.K., Job, L., and Chawda, R. : Re trovirus - like particles
released by human prostate cells. Oncology , in press.

7. Strauchen, J. A., Arya, S.K., Tralka, T.S., Engel, L.W., and
Young, N.A. : Lack of evidence for re trovirus - like functions in human breast
carcinoma cells in culture. J. Natl. Cancer Inst ., in press.

910.



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOL CB 00537-02 LP

PERIOD COVERED

October L, 1978 to September 30, 1979

TITLE OF PROJECT (80 characters or less)

Characterization of the Murine Papovavirus K

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: P.M. Howley
OTHER: M.F. Law

K.K. Takemoto

Surgeon
Visiting Fallow
Head, Cellular Virology
Section

LP NCI
LP NCI
,LVD NIAID

COOPERATING UNITS (if anj

Laboratory of Viral Diseases, NIAID

lab/branch

Laboratory of Pathology
SECTION

Viral Oncology and Molecular Pathology Section
INSTITUTE AND LOCATION

NCI. NIH. Bethesda, Maryland 20205
TOTAL MANYEARS: PROFESSIONAL:

CHECK APPROPRIATE BOX(ES)

n (a) HUMAN SUBJECTS

n (a1 ) MINORS n (a2) INTERVIEWS

(b) HUMAN TISSUES (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

K virus is a papovavirus related immunologically to SV40 and polyoma,

known oncogenic papovaviruses . The purpose of the study is to evaluate

K virus biologically in tissue culture, characterize the disease states it

is responsible for in infection of the mouse, and characterize the virus

biochemically.
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Project Description

Ob jectives : Characterization of the nucleic acid of this virus and

evaluate its relationship to other known papovaviruses

.

Methods Employed : Restriction endonuclease analysis, hybridization

techniques, and immunologic relationships by immunofluorescence.

Major Findings : We have constructed a physical map of this genome.

By hybridization techniques we have mapped regions of the genome conserved

between K virus and polyoma; and between_K virus and the primate papova-

viruses. We have mapped the initiation site for DNA synthesis in the genome.

Significance to Biomedical Research-.ajid the Program of the

Ins titute ; The papovaviruses are known to be oncogenic in laboratory

animals. Two of these viruses JC and SV40 have been associated with

progressive multifocal leukoencephalopathy in man and monkeys. An evalua-

tion of these viruses from a comparative view point will be useful.

Proposed Course : Because of the genetic relationship of the early

region of K virus to those of the oncogenic polyomaviruses BK, SV40, and

Py, we plan to examine the transcriptional and trans la tional products of

the early region of this virus.

Publications

1. Bond, S.B., Howley, P.M., and Takemoto, K.K. : Characterization of

K virus and its comparison with polyoma virus. J. Virol . 28: 337-343,

1978.

2. Law, M.-F., Takemoto, K.K., and Howley, P.M.: Characterization of

the genome of the murine papovavirus K. J. • Virol . 30: 90-97, 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

Work involves the characterization of the human papovaviruses BK and

JC, as well as the other primate papovaviruses SV40 , SA12 , and STMV .
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Project Description

Ob iec tives : We are interested in the characterization of these
viruses biologically snd biochemically. These viruses are evolutionarily
related and we have been interested in mapping the conserved regions among
the primate polyomavirus genomes and using these conserved regions to

localize the gene regions with the BK and JC genomes. We are also interested
in determining which regions in these genomes are necessary for malignant
transformation.

Methods Employed : Nucleic acid hybridization, restriction endonuc lease

analysis, and tissue culture.

Ma ]ox Findings : 1. Developed a new technique for evaluating homology
among different DNAs (Reference 6),

2. Showed that BK viral DNA sequences are not present in a large
number of human tumors, establishing that BK probably plays little if any
role in human neoplasia (References 1 and 3).

3. Characterized the genome of the human papovavirus JC and oriented
it to the genomes of BK + SV40, thereby providing the first genetic map of

this virus.

Significance to Biomedical Research and the Program of the

Institute : Provide further understanding of these oncogenic viruses.

Proposed Course : We have recently cloned the JC genome in pBR322
under P2CV1 containment. We plan to extend our characterization of this

virus through transcriptional analysis and direct DNA sequencing.

Publications

1. Takemoto, K.K., Solomon, D., Israel, M. , Howley, P.M., Khoury, C,
Aaronson, S.A., and Martin, M.A.: Search for evidence of papovavirus
involvement in human cancer. In Bentvelzen, et al. (Eds.): Advances in

Comparative Leukemia Research 1911 . Elsevier /Nor th-Holland Biomedical Press,

1978, pp. 260-263.

2. Khoury, G., Howley, P.M., Israel, M. , Brown, D., and Lai, C.-J.:
The papovaviruses : Their molecular biology and potential etiology in human
disease. In Allison, F., Jr. and Rothschild, F. (Eds.): Human Diseases
Caused by Cancer: Recent Developments . New York, Oxford Univ. Press, 1978,

pp. 191-214.

3. Israel, M.A., Takemoto, K.K., Martin, M.A., Solomon, D., Howley, P.M.,

Aaronson, S.A., and Khoury, G. : Evaluation of normal and neoplastic human
tissue for BK virus. Virology 90: 187-196, 1978.
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4. HowLey, P.M., Newell, N., Shah, K.V., Law, M.-F., Gruss, P.,

Sauer, G., and Kelly, T.J., Jr.: Identification of the primate papovavirus
HD as the stumptailed Macaque virus. J. Virol . 30: 400-403, 1979.

5. Takemoto, K.K., Howley, P.M., and Miyamura, T. : JC human papova-
virus replication in human amnion cells. J_; V irol . 30: 384-389, 1979.

6. Howley, P.M., Israel, M.A., Law, M.-F., and Martin, M.A. : A rapid

method for detecting and mapping homology, be tween heterologous DNAs.

Evaluation of polyomavirus genomes. J. Biol. Chem . , in press.

7. Law, M.-F., Martin, J.D., TakemD.tC., K.K., and Howley, P.M.:

The co-linear alignment of the genomes of papovaviruses JC, BK, and SV40.

Virology , in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of this study is to biochemically characterize the

papillomaviruses in order to understand the nature of the virus-host cell
interac tion.
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Project Description

Ob iec tives : 1. To clone the various papillomavirus genomes in

bacterial systems in order to be able to generate standard nucleic acid

reagents

.

2. To analyze the transcriptional products of the papillomaviruses
both _in vivo and using a variety of in vitro systems.

3. To localize and characterize the, transforming regions of the

various papillomaviruses known to be oncogenic.

Me th od s Emp 1 oye

d

: Nucleic acid hybridization, restriction endonuclease
analysis, immunologic techniques, bacterial cloning, and DNA sequencing.

Major Findings : We have thus far succeeded in cloning 4 different
human papillomaviruses (types la, lb, 2, and 4) and the bovine fibro-
papilloma virus (Type 1). We have demonstrated that there are conserved
sequences present among the genomes of even remote members of this genus

of virus.

Significance to Biomedical Research and the Program of the

Institute : The papillomaviruses have not been well studied primarily
because of the lack of a tissue culture system to propagate them. This

group of viruses is oncogenic and at least one type (HPV-5) is associated

with human malignancy. A closer evaluation is warranted.

Proposed Course : I. Clone genomes in pBR322 and characterize.

2. Examine mRNA extracted directly from wart material.

3. Use Xenopus oocytes to evaluate transcription and translation
in vitro .

4. Evaluate oncogenic potential of DNA in newborn hamsters.

Publica tions

One manuscript is submitted. Another is in preparation.
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SUMMARY OF WORK (200 words or less - underline keywords)

The work with synchronous and asynchronous contractions of myoepithelial
cells in mouse submandibular gland rudiments in culture is being extended.

The extended work includes a study of the effect of removal of parasympathetic

ganglia from the rudiments on the contractions. The project will include

time-lapse photographic examination of 14 day mouse submandibular rudiments

that have been separated from their ganglia, using a special split screen

technique to compare test and control results. The cultured glands will be

examined for neuronal cell content by cytochemical techniques for identification

of nissl substances in the cytoplasm, Cytochemical procedures will also be

used to examine the rudiments for cholines terase activity, axonal outgrowth,

and myoepithelial cell content.
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Project Description

Objectives : The objective of this project is to determine whether

parasympathetic nerve elements play a role in myoepithelial contraction in

mouse submandibular rudiments in culture.

Methods Employed : Mouse submandibular gland rudiments (14 day old)

with and without ganglia will be cultured in tissue culture chambers. The

cultures will be studied by time-lapse photography to determine whether

glands without nerve elements undergo myoepithelial contraction. Subsequently,

the cultures will be studied cytochemica"lly for nerve components and

myoepithelial cells. y

Significance to Biomedical Research" and the Program of the

Institute : Myoepithelial cells play a significant role in some tumors of

salivary glands (pleomorphic adenomas or so-called mixed tumors, for

example). Documentary films on the action of these cells in mouse sub-

mandibular gland rudiments iji vitro may increase our understanding of the

role played by contractile cells in neoplasms of salivary glands.

Proposed Course ; A manuscript entitled Effect of Removal of Sub-

mandibular Ganglia on Myoepithelial Contraction in Mouse Submandibular

Gland Rudiments In Vitro will be written and a film documentary by the

same title will be made.
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Electron Probe and Scanning Electron Microscope
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W.G. Banfield
C.W, Lee

W.A. Hagins

Medical Officer

Biologist
M.D.

Pathology LP NCI
LP NCI
LCP NIAMDD

COOPERATING UIJITG
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Laboratory of Pathology
SECTION

Comparative Oncology S e c t i on
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SUMMARY OF WORK (200 words or less - underline keywords)

The old EDAX x-ray analytical system is being replaced by a new system
with greatly improved capabilities. A wave length dispersive spectrometer
(WDS ) will be added as well as a PDP 11/34 computer capable of automating
the system and handling data from the energy dispersive and WDS analyzer
simultaneously. A cold stage will also be added.
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Project Description

Ob iec tives : To develop the instrumentation and techniques necessary to

apply the electron probe and scanning electron microscope to the analysis of

biological specimens.

Ma jor Findings : 1. A wave length dispersive spectrometer, a new energy
dispersive spectrometer, Tracor Northern multichannel analyzer with PDP 11/34

computer and accessories, and a cold stage for the ETEC scanning electron
microscope should arrive by the last of April, 1979.

2. The transmitted light microscope stage modification to allow for

both scanning electron microscopy and x-_ra_Y microanalysis is only partially
completed pending receipt of the new equipment.

Significance to Biomedical Research and the Program of the

Ins titute : 1. The wave length dispersive spectrometer will allow for

separation of peaks only several electron volts apart and will allow for

detecting smaller quantities of an element.

2. The stage alterations will allow for x-ray analysis of structures

viewed with both the light and scanning electron microscopes.

3. The computer will allow for more effective use of the crystal

spectrometer through automation and will have the ability to accept data

from the wave length dispersive and energy dispersive spectrometer

simultaneously. It also has a hard disc drive and has sufficient capacity

to allow for developing programs without interfering with the probe analysis.

This was important in future collaboration with the Division of Computer

Research and Technology.

4. The cold stage will allow for analysis of frozen hydrated specimens.

Proposed Course : Render the system operational.
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SUMMARY OF WORK (200 words or less - underline keywords)

It is the purpose of this project to study the pathogenesis and

reactivation of chronic mouse cytomegalovirus infection by immunosuppress ion

and anti-lymphocytic serum (ALS). Administration of ALS shortly after

acute infection leads to a chronic disseminated disease with g 1 ome ru 1 one phr i t is

Results suggest that the tissue damage associated with CMV infection is caused

by host immunological reactions and not by the cytopathic effect of the virus.
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Project Description

Objectives : Study the mechanisms of chronic murine cytomegalovirus

infection in the salivary glands and lymphoid tissue of mice chronically

infected with this virus and effect of anti- lymphocyte serum on infection.

Methods Employed : Tissue culture, immunofluorescence, electron

microscopy.

Significance to Biomedical Research and the Program of the

Institute: The mouse cytomegalovirus causes chronic infection in the sub-

maxillary glands, lymph nodes, and spleens of many strains of mice. Infection

in the lymph nodes and spleen probably occurs in lymphocyt-es . The murine

cytomegalovirus belongs to the herpesvirus^ group of animal viruses, along

with the Epstein-Barr virus and Herpesvirus saimiri .

Proposed Course : Part of this study is completed. Results indicate

that chronic CMV infection does not enhance or accelerate natural develop-

ment of lymphoma in mice. Present studies involve observations on the

course of acute and chronic infection following the administration of anti-

lymphocytic serum.
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SUMMARY OF WORK (200 words or less - underline keywords)

Herpes simplex virus infected cells develop a receptor capable of binding
the Fc portion of IgG at the same time viral membrane antigens appear; it is

not known whether this Fc receptor is a host cell or viral protein, though
the latter is more likely. Studies utilizing hemocyanin- tagged IgG to label

the Fc receptor and ferritin- tagged anti-HSV antigens on virally infected
cells will determine whether the Fc receptor co-labels with antibodies to

HSV antigens.
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Project Description

Ob jec tives : To demonstrate whether the Herpes-induced Fc receptor is

a viral protein or host cell protein modified by viral infection.

Methods Employed : 1. High resolution transmission (TEM) and scanning
electron microscopy (SEM). 2. Immunolabe lling with markers for TEM and

SEM.

Significance to Biomedical Research and the Program of the

Ins titute : The Herpes-induced Fc receptor is of unknown function in vivo
,

but its ability to bind IgG suggests immune protective function for

latently-infected cells expressing vira]^ antigens on their surface. If

this is so^ the Fc receptor must occur over those areas of viral antigen
to mask them. This study will demonstrate the spatial relationship of the

two. If there is no relationship, the expression of an Fc receptor would
be of doubtful survival value to the virus. If there is a relationship,
convincing evidence for a novel biological survival mechanism will have
been demonstrated.

Ma ior Findings : 1. HSV-infected cells will bind Hcy-labelled IgG and

ferritin-labelled anti-HSV antibodies, proving the approach is feasible.
2. Double label studies examined by TEM have so far been too sparsely
labelled to detect significant co-labelling. 3. High resolution SEM,

which can display nearly the entire cell surface, is just now in operation.

Proposed Course : High resolution SEM will be employed to detect
hemocyanin (Fc receptor) and ferritin (HSV antigen) labelling. Initial
results are hampered by poor quality specimen coating; an improved method
for coating will be employed as soon as the necessary device is procured.
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Electron probe analysis of human senile elastosis and human cardiac

implants of calcifying Hancock valves has just begun.
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Project Description

Ob iec tives : To elucidate the normal and abnormal structure of connective

tissues and to analyze their chemical composition by electron probe

techniques

.

Major Findings : We have just begun working with human skin containing
senile elastotic changes and control skin using electron probe x-ray

microanalysis. We are working out the techniques of tissue preparations

and analysis so that there are no significant findings to report.

We are working on the electron probe analysis of the .calcification of

human Hancock valve implants with Dr. Ferrans. It is again too early for

significant results.

Significance to Biomedical Research and the Program of the

Ins titute : This depends upon the success of our efforts. Transmission
electron microscopy has shown striking changes within the elastic fibers

affected by elastosis. If we can obtain chemical data from various areas

within these elastotic fibers and compare the data with unchanged fibers

in the same tissue, we may be able to decipher the mechanisms causing the

elastosis .

In the calcifying Hancock valves, if we can find where the calcification

begins on an ultras tructura 1 level, what type of calcium is laid down and

how it may change with time by analyzing calcium: phosphate ratios and

determining possible elements other than Ca & P association with the calcifi-

cation, we may be able to suggest methods for preventing the calcification

from occurring.

Proposed Course : Develop suitable tissue preparation techniques such

as non-aqueous fixation and frozen sectioning to prevent leaking out of

water soluble elements yet maintain sufficient morphologic detail and

contrast for localizing the electron beam. Determine the best instrumentation

and procedures for analysis.
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SUMMARY OF WORK (200 words or less - underline keywords)

Review his topa thology material from families with high incidence of

cancer. These families are being followed by the Epidemiology Branch.

Material is reviewed to confirm diagnosis and determine unusual aspects of

the cancer in view of the family history.

928
PHS-6040
(Rev. 10-76)



ZOl CB 0059A-03 LP

Project Description

Objec tives : Review and confirm the histological diagnoses on

families that have a high incidence of cancer and which are being followed

by the Epidemiology Branch.

Methods Employed : Light microscopy, special histochemistry stains.

Significance to Biomedical Research and the Program of the

Institute : Confirm diagnoses of cancer and apply uniform terminology and

classification to the lesions so that patterns may be found.

Proposed Course : Continue to review surgical pathology or autopsy

material submitted from referring hospitals and report results to the

Epidemiology Branch.

929



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 00595-02 LP

PERIOD COVERED

October 1, L978 to September 30, L979
TITLE OF PROJECT (80 characters or less)

Ultras true tura 1 Characteristics of Human Liposarcomas

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: T.J. Triche LP NCI

OTHER: R.L. Reddick
H.J. Michelitch

Chief, Ultras true tura 1 Pathology
Section (Surgeon)

Surgeon -' (formerly) LP NCI

Biologist y LP NCI

COOPERATING UNITS (If any)

Pathology Department, University of North Carolina Medical School,

Chapel Hill, North Carolina
lab/branch

Laboratory of Pathology
SECTION
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SUMMARY OF ^ORK (200 words or less - underline keywords)

Human soft tissue sarcomas are a diverse group of tumors with many
histologic similarities. Further, subtype distinctions within a type of

tumor are often made only with difficulty. This study attempts to define
ultras true tural criteria for each of the recognized types of one such tumor,
l iposarcoma - well differentiated , myxoid , round cell , and pleomorphic ,

utilizing typical examples of each.
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Project Description

Ob iectives : To refine EM diagnostic criteria among subtypes of lipo-

sarcoma

.

Methods Employed : Routine transmission electron microscopy.

Ma ior Findings : Ultras true tural features unique to each tumor type

have been observed.

Significance to Biomedical Researclf and the Program of the

Institute : Prognosis in this disease is directly referable' to histologic

subtype; well differentiated tumors do well, as do myxoid; round cell and

pleomorphic tumors are progressively more "aggressive. Individual prognosis

and treatment is thus to some extent dependent on precise classification of

the patient's tumor.

Publications

1. Reddick, R.L., Michelitch, H.J., and Triche, T.J.: Ultras true ture

of liposarcoma; well differentiated, myxoid, round cell, and pleomorphic.

Ultrastruct. Pathol ., in press.
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Section - Medical Director
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Previous Clin. Assoc.

PI: A J. Garvin
OTHER: C W. Berard

R Jones

R C. Young
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SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of this study is to review all of the clinical and
pathologic data of all patients treated with non-Hodgkin ' s lymphoma at the
NIH since the opening of the Clinical Center in order to: 1) characterize
the population ; 2) understand the natural course of the disease, e.g.
histologic progression; 3) evaluate current histologic classifications

;

and 4) c orrelate treatment and staging data with survival .
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Project Description

Ob iec tives : A clinical-pathological study of patients with non-

Hodgkin's lymphomas (NHL) in relationship to their natural course, histologic
progression, current classifications, and clinical treatment.

Methods Employed : The histologic slides of all surgical biopsies and

autopsies of non-Hodgkin lymphoma patients will be reviewed with regard
to all current classifications. In addition, all clinical charts will be

reviewed to obtain pertinent clinical information. The data is coded and

evaluated by computer analysis.

Major Findings : The survival for npn-Hodgkin 's lymphomas at the NCI
is similar to that of other large institutional studies. The modern modes
of staging and chemotherapy have had only significant survival improvements
in some subtypes of non-Hodgkin 's lymphomas but not all. When patients
change histologies in NHL, it carries a poor prognostic sign. Currently
proposed classifications offer no significant improvement over the

previously used Rappaport classification.

Significance to Biomedical Research and the Program of the

Institute ; This evaluation has shown comparable therapeutic results for

the NCI with other institutions for patients with NHL. It helps identify
groups of patients which need a new approach to therapy or more intensive

therapy. This study will also help us understand better the subtype

classifications in order to give therapy more uniformly and will help us

understand the natural history of the disease.
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SUMMARY OF WORK (200 words or less - underline keywords)

Provides complete diagnostic service in exfoliative cytology , medical
cytogenetics, and fine needle aspiration cytology . In addition, collaborates
in various clinical research projects utilizing special techniques including
special staining and tissue culture techniques.
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Project Description

Ob iec tives : 1. To provide the staff of the Clinical Center with an

accurate and complete exfoliative and aspiration cytology service as well

as diagnostic cytogenetics (karyotyping).

2. To collaborate in various clinical research projects evaluating
cancer therapy, the hormonal status of the cancer patients, the course and

natural history of the cancer lesions and the anatomical and physiological
changes in the human body associated with-various pa thologic- cond itions

.

3. Development of better diagnostic techniques.

The apecific objectives include:

A) Cytology

1. Continued improvement in cytologic techniques in establishing
definitive diagnosis.

2. Improvement in fine needle aspiration cytologic technique.
3. Establishing cytologic characteristics of cell types seen only

in fine needle aspirations.
4. Setting up special stain techniques which may be used for general

cytology or special research problems.

B) Diagnostic Cytogenetics

1. Improvement in short term culture system to assure of successful
harvesting of in vitro cells.

2. Improvement in staining techniques.
3. Establishing cytologic characteristics of cell types seen only

in fine needle aspirations.
4. Improvement in special chromosomal analytical techniques such as

bandings by various methods.

Methods Employed : 1. Special procedures in addition to the standard

Papanicolaou stain are:

A) Millipore filtration of all fluids

B) Special stains:

1. Feulgan Reaction for sex chromatin bodies.

2. Acid fast, Pneumocystis, Methenamine silver. Brown Brenn for

various organisms and fungi.

3. PAS, Wright Giemsa, iron stain, melanin stain, congo-red,

oil-red-0, mucicarmine for various specific reactions.

2, Short term cultures of peripheral blood, bone marrow cells and

tumor cells found in body fluids are the standard diagnostic methods.
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In addition, special techniques involving trypsin digestion followed
by special stains such as G-banding, Q-banding, and C-bending, as well as

fluorescence staining whenever indicated.

Biopsy materials of skin, gonads, tumors are cultivated by tissue
culture technique and cells harvested for chromosomal analysis.

Patient Material : The figures compiled below are for the last 12

months

.

March 1978 February 1979

Type of Material Examined: Access ions Smears

Vaginal and Cervical tOM 1476

Other (fluids, special
procedures, special
stains and chromosomal
analysis) 2970 6702

Total 3981 8178

Sources of Material Received

Institutes Accessions Smears

NCI, NHLI, NIAID, NIAMDD, NIMH,

NICHHD, NEI, NINCDS, EHS, NIDR
and Referral total 3981 8178

Ma jor Findings : Major contributions of the Cytopa thology Section:

1. Providing prompt services and early diagnosis in cytological
ma ter ia Is

.

2. Providing cytologic evaluation and estimated ranges of either
relapse or remission in the continual management of meningeal leukemia.

3. Providing cytological evaluation of therapeutic effects on cells
seen in urinary specimens, vaginal-cervical smears, sputum and effusions.

4. Providing chromosomal analysis for clinical studies as well as

in the establishment of definitive malignancies.
5. Providing cytologic methods to research projects specifically,

fine needle aspiration in thyroid nodules.

Significance to Biomedical Research and the Program of the Institute :

1. The diagnostic value of exfoliative cytology in the clinical
management of various disease states is an established fact.
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2, Aspiration cytologic techniques are useful in establishing

diagnosis on metastatic diseases and/or recurrent malignancies. In such

instances, the fine needle aspiration technique eliminates the more involved

incisional biopsy and therefore is more economical to the clinicians as well

as to the patients.

3. Chromosomal analysis is a way of establishing definitive diagnoses

in selected patients with endocrine disorders, congenital defects and also

in some malignancies.

Proposed Course : 1. Continue to provide a complete cytodiagnos tic

service for the entire staff of the Clinical Center in various research

projects.

2. Continual improvement and development of established as well as new

techniques in cytologic and cytogenetic fields.

Activities : From November 1, 1978 to October 1979

1. Presented paper on "Studies of Cells in Fine Needle Aspiration of

Thyroid Gland", November 7-11, 1978, American Society of Cytology, Miami,

Florida.

2. Lecture on Fine Needle Aspiration Cytology, March 14, 1979.

3. Lecture and workshop in Fine Needle Aspiration of Breast Lesions;

Tutorial in Clinical Cytology, Chicago, May 19, 1979.

Publications

1. Cheng, W,S., Cheng, A., Chu, E.W., and Peng, J.W. : The atypical

fluorescent body of the interphase nuclei of 'bticcal mucosal cells and its

relationship to the Y chromosome. Acta Cytol . 22: 268-272, 1978.

2. Mills, S.R., Doppman, J,L., Head, G.L,, Javadpour, N., Brennan, M.F.,

and Chu, E.W. : Transca the ter brush biopsy of intravenous tumor thrombi.

Radiology , in press.

3. Chu, E.W., Hanson, T.A., Goldman, J.M., and Robbins, J.: Studies

of cells in fine needle aspiration of thyroid gland. Acta Cytol . , in press.
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Project Description

Staff:

+Dr.

4-Dr.

+Dr.

+Dr.

+Dr.

+Dr.

Dr

Joseph C. Fantone^ III
David C. Jensen
Kusum A.R. Kalavar
Josef Luetzeler
Mark A. Popovsky
Cheryl M. Reichert
Costan W. Berard, Chief, Hema topathology Section

Dr. Clyde J. Dawe, Chief, Comparative Oncology Section
Dr. Chester J. Herman, Chief, Quantitative Cytology S-ection

Dr. Peter M. Howley, Acting Chief, _Viral Oncology and Molecular
Pathology Section

Dr. Timothy J. Triche, Chief, Ultras tructural Pathology Section
Dr. A. Julian Garvin
Dr. Elaine S, Jaffe
Dr. Unnur P. Thorgeirsson

'"Dr. Allen W. Cheever, Laboratory of Parasitic Diseases, NIAID
"Dr. Lance A. Liotta, Laboratory of Pathophysiology, NCI
*Dr. Paul E. McKeever, Laboratory of Microbial Immunity, NIAID
"Dr. William C. Roberts, Pathology Branch, NHLBI
*Dr. Kurt J. Stromberg, Division of Cancer Cause and Prevention,
*Dr. Marius Valsamis, Associate Professor of Pathology, New York
Medical College, Center for Aging and Chronic Diseases

NCI

The objectives of the Surgical Pathology and Postmortem Section are:

(1) to provide diagnostic services in pathologic anatomy; (2) to carry out

independent research; (3) to conduct a residency training program in

pathologic anatomy; and (4) to collaborate with National Institutes of

Health investigators in research involving use and study of human material.

+These physicians are full time Residents in the Laboratory of Pathology
"These Associate Pathologists spend part time in the activities of the

Surgical Pathology and Postmortem Section.
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1. The service functions of the section during the past year

included: '~

(a) 156 (122 "in house"^ 34 submitted) autopsy examinations. The

residents perform nearly all of the postmortem dissections under supervision

of the staff. A gross review is held by the staff and residents each

morning at 8:30. The residents review the microscopic slides of each autopsy

with one of the staff before completing the autopsy protocol.

The staff assists the residents in preparing for the numerous clinical
conferences in which the section participates.

y''

(b) 6676 specimens were accessioned in the Surgical Pathology and

Postmortem Section. These specimens are^in'itially examined and described
by a resident and their reports are checked by the staff. Associate
pathologists from other laboratories or sections are frequently consulted

about problems in diagnosis in surgical pathology and/or assume responsi-

bility for handling certain tissue removed for specific research projects.

(c) Histological preparation and special procedures:

These functions are carried out under the direction of Miss M.C. Bowling
and a complete listing of specimens processed is given in the accompanying
table.

(d) Photographic services of the department:

A photographic record is made of the large amount of the pathological
material which is handled and studied in the department. The photography
is done by the staff and residents with the technical assistance of

Mr. L. Kenzie Edwards who also maintains the equipment and carries out much

of the photographic processing. Gross photographs and photomicrographs of

the pathologic material are provided to the clinical staff on request^ and

are used extensively for conferences, seminars and many are prepared for

publication. Listed below is a breakdown of the work performed by

Mr, Edwards from April 1978 through March 1979.

Time taking photographs: 554 hr., 30 min.

Time processing: 262 hr.

No. of black and white negatives: 4x5 in.: 2,740

Color transparencies - 4x5 in. - gross: 1,514
35 mm. transparencies - gross: 11, 484

Total 12,998

Prints black and white, contract out, 4x5 in,: 10,608
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A large proportion of the photomicrography is done under the direction

of Mr. Ralph Isenburg, who provides professional assistance and facilities

for the entire staff of the Laboratory of Pathology.

2. Independent research . The staff is engaged in the following

projects

:

a) Follow up of patients with in situ breast carcinoma. Study of

202 patients has been completed; 149 patients are being followed (Costa,

Webber).

b) Evaluation of the role of pathological classification in the

treatment of soft tissue sarcomas (Costa, Webber). ''

c) Review of breast cancer in Tunisia. A retrospective study has

been completed. A prospective study is now in progress (Costa, Webber),

d) Review of skin tumors in X. pigmentosum and correlation of

pathological features with genetic complementation groups (Costa).

e) Review of lung biopsies comparing diagnostic yields of different

modalities (Webber).

f) Pathology of medical nephrectomy by embolization in experimental

animals (Doppman, Popovsky).

g) Review of testicular neoplasms (Webber).

3. Collaborative research .

a) Papilloma virus antigens in laryngeal papillomata (Costa, Howley,

Bauer)

.

b) Thin sections of testicular biopsy in infertility cases (Bowling,

Garvin, Costa).

c) Demonstration of viral antigens in tissue specimens (Bowling,

Howard)

.

d) Pathology of rejection of porcine liver transplant (Fly, Webber).

e) Carcinoma of the lung in patients with Hodgkin's disease (McGreen,

Webber).

f) Pathology of cis-platinum toxicity (Reichert).
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4. Conferences . The staff takes part in the following inter-depart-
mental meetings: ^

Pediatric Oncology Tumor Board (weekly)

Sarcoma Staging Conference (weekly)
Surgical Morbidity and Mortality Conference (monthly)
Medicine-Radiation Conference (weekly)

Surgical Pathology Conference (weekly)
Lymphoma Staging Conference (weekly)

5. Data retrieval system . In conjunction with DCRT (Vincent, Ward),
a program is now available for storing and retrieving the surgical
pathology material. Coding is done following SNOMED (ICDOj nomenclature.

Proposed Course : (a) Continue to provide the services described.
(b) Increase the interaction with the clinical branches in the design
and evaluation of protocols. (c) Improve the opportunities for the

resident staff to participate in teaching, conferences, and seminars, and

provide elective periods to be spent accomplishing research projects with
the senior staff. (d) Implement data retrieval programs.
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SURGICAL PATHOLOGY AND POSTMORTEM SECTION

May 1978 through April 1979

SURGICAL PATHOLOGY

Specimens accessioned - 6,676

Blocks of tissue cut - 14,472

Blocks of tissue recut - 1,008

Slides made - 54,507

Slides stained H&E - 34,509

Slides stained special - 6,299

Frozen sections - 493

POSTMORTEM PATHOLOGY

Autopsies performed - 122

Autopsies submitted - 34

Blocks of tissue cut - 6,041

Blocks of tissue recut - 695

Slides made - 10, 729

Slides stained H&E - 6,998

Slides stained special - 1,210

COMBINED TOTAL

Total blocks cut - 22,216

Total slides made - 65,236

Total H&E - 41,507

Total special stains - 7,509
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SUMMARY STATEMENT
ANNUAL REPORT

DERMATOLOGY BRANCH _ .

DCBD, NCI
October 1, 1978 through September 30, 1979

The Dermatology Branch conducts both clinical and basic research
studying the etiology, diagnosis and treatment of inflammatory and ma-
lignant diseases involving the skin and the host's response to these diseases.

The Branch also serves as Dermatology Consultant to all other services
of the Clinical Center (approximately 1000 patients are seen in consul-

tation each year) . The senior staff of £he Branch includes the Branch
Chief, 7 Senior Investigators, 5 Experts, 2 I. P. A., 5 Clinical Asso-

ciates, 3 Visiting Fellows and 2 Guest Workers. The Dermatology Branch

has made significant contributions to the. objectives of the National

Cancer Plan. The main research achievements of the Dermatology Branch
for the past year are as follows:

Therapy of Skin Cancer and Disorders of Keratinization :

(1) We have continued our studies of a new class of drugs (synthetic

retinoids) in the treatment of skin cancer and diseases of keratiniza-
tion.

(2) Eighty-one patients with treatment-resistant disorders of keratinization
were treated with oral 13-cis retinoic acid, a synthetic stereo-isomer of

retinoic acid. Excellent responses have been observed in patients with con-

genital ichthyosiform erythroderma, lamellar ichthyosis, Darier's disease,

pityriasis rubra pilaris, and cystic acne.

(3) Of the 14 patients with treatment-resistant cystic and conglobate

acne treated for 4 months with oral 13-cis retinoic acid, 13 patients
experienced complete clearing of their disease; the other had 75% im-

provement, as determined by the number of acne nodules and cysts present

before and after therapy. Prolonged remissions, currently lasting an

average of 24 months after discontinuation of therapy, have been obser-

ved in all 14 patients.

(4) 12 patients with multiple basal cell carcinoma induced by sunlight.

X-ray, arsenic, or the nevoid basal cell carcinoma syndrome were treated

with oral 13-cis retinoic acid. Of 270 tumors, 43 (16%) underwent com-

plete clinical regression. Twenty-one of 35 of these tumors when biop-

sied after treatment were found to be gone microscopically as well.

Correlation of therapeutic response with tumor size revealed that 19 of

83 (23%) tumors 3-5 mm in diameter and 18 of 99 (18%) tumors 6 to 10 mm

in diameter underwent complete clinical regression, whereas only 6 of 88

(7%) tumors 11 mm or greater in diameter responded completely. Of the

remaining tumors, 173 (54%) decreased in size and 54 (20%) were unchanged.

Histologically, a dense small cell infiltrate was seen in tumors under-

going inflammation, 7 of 17 (41%) suggesting that 13-cis RA could either

be enhancing a host immunologic response or be producing a direct cyto-

toxic effect on the tumor. However, in non- inflammatory regressing

tumors biopsied during treatment, islands of squamous differentiation with
horn pearl formation were observed with .progression in some islands to
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complete replacement of tumor cells by the completely differentiated
horn pearl. In tumors biopsied prior to treatment, only 14 of 85 (16%)

showed evidence of keratinization. This data is consistent with an

enhancement of epidermal differentiation by 13-cis RA.

(5) The profound beneficial effect of 13-cis retinoic acid in the

treatment of cutaneous keratinizing diseases indicates that other kera-

tinizing disorders of man, for instance, preneoplastic squamous meta-
plasia of tracheo-bronchial and urinary bladder epithelia, could be

successfully treated with the synthetic retinoids. These patients, who

have successfully responded to 13-cis retinoic acid, may also provide

useful information in the evaluation of newer and potentially more

potent and less toxic synthetic retinoids,

Studies of DNA Repair in Normal Human Cells and in Cells from Xero-

derma Pigmentosum (XP) Patients _. _.

(1) UV-radiation is believed to be the major cause of the most common

type of human cancer, cancer of the skin. Patients with XP are particu-

larly susceptible to the carcinogenic action of UV-radiation and develop

multiple malignancies on sun-exposed areas of skin. Normal human cells

have repair processes which rapidly and effectively repair DNA damage,

while most XP patients have a marked impairment in the rate and/or effic-

iency of such repair. This process is involved not only in repair of UV-

induced DNA damage but also in repair of damage by certain chemical car-

cinogens. Understanding the relationship between DNA repair deficiency

and skin tumor development in XP patients would, therefore, elucidate the

role of DNA repair in preventing in normal humans those cancers which may

be due to certain chemical and physical carcinogens. Extension of this

work to include study of other diseases in which DNA repair may be defec-

tive, especially those associated with an unusually high incidence of

cancer such as ataxia telangiectasia will of course further increase our

understanding of the relationships between DNA repair processes and car-

cinogenesis. XP patients' sun-exposed skin ages much more rapidly than
normal humans' skin. Some XP patients develop neurological abnormalities

which are due to the early death of neurons. - Our studies of the DNA

repair defects are providing an understanding of the relationship of

DNA repair processes and these aging phenomena in XP. Thus, our

studies of aging in XP organs are providing important knowledge as to how
properly functioning DNA repair processes prevent such aging in normal

humans

.

(2) We have studied post-UV colony forming ability (CFA) in irradiated

XP fibroblasts from each of the six genetic forms of XP. A striking

correlation between the degree of reduction in post-UV CFA and the pres-

ence and severity of XP-associated neurological abnormalities has been

found. These results constitute the first strong evidence for a relation-

ship between the effective level of DNA repair and the severity of a

heredodegenerative condition of the nervous system. These results are

relevant to the theory of "intrinsic mutagenesis" which hypothesizes that

error-proneness in key DNA repair or replication enzymes is responsible

for carcinogenesis and for a variety of degenerative diseases as well as

for normal aging in various human tissues. We have confirmed recent brief
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reports that cells from patients with Cockayne's syndrome, a syndrome
consisting of cachectic dwarfism, neurological abnormalities and photo-
sensitivity, have decreased post-UV CFA. In addition^ we have found

that Cockayne's syndrome patients have a normal pressure hydrocephalus
which is probably the cause of some of their neurological abnormalities.
Studies in our lab have confirmed reports of decreased post-X-ray CFA in

cells from patients with ataxia telangiectasia, a disease in which patients
have an increased rate of cancer, plus degenerative findings in the immune

and nervous systems. Such studies are now being performed in parallel
with post-UV CFA assays on XP cells, Cockayne cells, and cells from
patients with other photosensitive and or degenerative disorders.

(3) Lymphocyte lines have been derived from many patients with XP and

from patients with other inherited DNA repair defects. The ability of

UV-irradiated lymphoblasts to exclude trypan blue provides'a very rapid

and sensitive assay of the biological eff.e^tiveness of DNA repair. With
this assay we are characterizing the DNA repair defects in several di-

seases. We are also using this assay to study in vitro the sensitivity

of patients' cells not only to UV-irradiation but to the DNA-damaging
effects of gamma rays and of chemical carcinogens. We have confirmed
reports of the sensitivity of ataxia telangiectasia cells to gamma radia-

tion.

(4) Studies of UV-induced sister-chromatid exchanges have been performed

using normal, XP and Cockayne's syndrome lymphocyte cell lines and have
shown that UV-induced sister chromatid exchanges are greater in most XP

lymphocyte cell lines than in normal lines. Studies are also being con-

ducted on XP, Cockayne and ataxia telangiectasia cells to determine if

these cells have reduced host-cell-reactivation of irradiated purified

herpes simplex DNA. Attempts are being made to accomplish in vitro malig-

nant transformation of XP and normal fibroblasts by UV light. If success-

ful, the results of such work when correlated with our knowledge of DNA
repair efficiency and UV mutability, should yield important new information
concerning the interrelationships of DNA repair, mutagenesis and carcinogene-
sis.

Virologic Studies :

(1) C-type retroviruses have been implicated in tumors of a wide variety of

species, including man. The murine viruses of this group represent the best

studied mammalian retroviruses; they therefore represent excellent models for

the study of retroviral induced tumorigenesis. The availability of molecularly

cloned viral DNA will facilitate the detailed structural analysis of the viral

genome and its cellular integration sites by providing specific genomic and

sub-genomic probes for studying the structural organization of virally related

DNA and RNA sequences in normal and malignant tissues. A related problem which

can be addressed with these reagents is the potential role that recombination

plays in tumorigenesis.

(2) Building upon our previous observation that unintegrated Harvey sarcoma

virus (Ha-SV) DNA could induce transformation of mouse cells, the covalently

closed circular forms of Ha-SV DNA have been molecularly cloned in a certified

EK2 lambdaphage - E. coli system. Recombinant phages containing three differ-

ent sized Ha-SV DNA inserts were obtained. All three Ha-SV inserts in-

duced transformation of mouse cells with single hit kinetics. Superinfection

with a helper virus rescued focus forming virus from these transformed mass

cultures.
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(3) For many years, the Friend murine leukemia virus complex has been known
to induce an erythroleukemia when injected into newborn mice. The short
latent period (less than one month) has been attributed in part to the spleen
focus forming virus (SFFV) , a replication-defective V^rus within the Friend
virus stocks. SFFV was noted in the previous annual report to represent an
envelope recombinant between the Friend murine leukemia virus (F-MuLV) and
mouse xenotropic MuLV related sequences. Recently, however, it was shown that
end-point diluted F-MuLV, which was presumably free of SFFV, induced erythro-
leukemia with a short incubation period. This F-MuLV DNA genome has been
molecularly cloned in the EK2 system noted above. The DNA is infectious for
mouse cells, and the virus induces erythroleukemia in newborn mice after a

short latent period. This result demonstrates directly that inoculation with
a F-MuLV sequences is sufficient to induce rapid onset erythroleukemia.
(4) Transfection of infectious integrated retroviral DNA from cells which are
chronically infected with AKR MuLV can be readily accomplished with a standard
transfection assay. Under similar conditions, however, cellular DNA from the
AKR mouse, which is known to contain the endogenous AKR MuLV genome in an un-
expressed form, is not infectious. The transfecting AKR DNA can, however,
become infectious if the recipient cells are treated with 5-iodeoxyuridine, an
agent known to activate AKR MuLV genomes in AKR cells tissue culture. In order
to analyze in greater detail the structural basis of these observed biologic
differences, the AKR MuLV genome is being molecularly cloned as an unexpressed
endogenous genome and as an expressed integrated genome. A provisional restric-
tion endonuclease map of the unintegrated AKR MuLV DNA has been derived to
facilitate comparison of cloned DNA with a known AKR MuLV genome. Two inte-
grated AKR MuLV DNA molecules have been molecularly cloned. Both molecules
contained the sequences present in the unintegrated AKR MuLV DNA and both were
infectious for mouse cells under standard transfection conditions; their spe-
cific infectivity differs by a factor of ten.

(5) Warts represent a viral induced tumor of man. A closely related virus,
the Shope papilloma virus of rabbits, will induce benign tumors in some rabbits
and malignant tumor in others. The squamous cell cancers of patients with
epidermodysplasia verruciformis may be induced by wart viruses, as may tumors
of other patients. Methods are being developed which should not only permit
the screening of tumors for wart viral material, but also facilitate attempts
to propagate the virus in tissue culture. Assuming that the analogy with the
Shope papilloma virus is correct, propagation of the virus in tissue culture
would facilitate the investigation of the molecular mechanisms which result in
a benign proliferation of cells in some instances and malignant transformation
in others.

Immunopathologic Mechanisms Involved in Inflammatory Skin Diseases :.

(1) Mammalian epidermis is composed of three cell types; the keratinocyte

,

whose function is in producing keratin, the melanocyte which produces pigment,
and the Langerhans cell (LC) the function of which is unknown. We have demon-
strated that human, guinea pig, and mouse epidermis contains a small (2-6%)

subpopulation of LC. The cells have Fc and C3 receptors and thereby resemble
cells of the histiocyte-monocyte-macrophage series. We have also demonstrated
that these cells bear immune response gene associated (la) surface antigens.
Additionally we have demonstrated that these cells can stimulate a mixed leu-
kocyte reaction and can present antigen 'to sensitized T cells, thereby rein-
forcing the analogy to monocytes and macrophages.
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(2) The ontogeny of epidermal Langerhans cells has been a subject of consider-

able debate for over 100 years. Using parent to F^ hybrid skin transplan-

tation and bone marrow chimeras we have demonstrated that, in mice, epidermal

Langerhans cells are derived from a mobile pool of precursor cells which or-

iginate, at least in part, in the bone marrow.

(3) Pemphigus, herpes gestationis, bullous pemphigoid and dermatitis herpeti-

formis (DH) are blistering skin diseases all of which are associated with so-

called autoimmune phenomena. We have identified and characterized serum and

in vivo bound antibodies in these diseases. Our efforts have centered around

the mechanisms of tissue destruction, ultrastructure, and ultrastructural lo-

calization of antibodies. Gastrointestinal abnormalities, similar to those

seen in gluten sensitive enteropathy, occur in dermatitis herpetiformis and are

under active study. We have demonstrates' that gluten withdrawal from the diet

reverses the skin disease in many patients. Immunogenetic,considerations with

regard to HLA assoelations and the identification of specific B-lymphocyte

antigens have provided tools to study the triggering mechanisms involved in

the early stages of an abnormal immune response. We have recently identified

a subgroup of DH patients whose disease is pathophysiologically different

than the bulk of patients by virtue of genetic markers, gut lesions and IgA

skin deposits.

(4) Several chemically and genetically distinct collagens are found in

mammalian species. Types I and III collagens are widely distributed, type II

collagen is found only in cartilagenous structures, and type IV is found in

basement membranes. Our studies, utilizing light and ultrastructural immuno-

cytochemical techniques have demonstrated that the sera of patients with re-

lapsing polychondritis, a disease characterized by widespread destruction of

cartilagenous tissues, contain antibodies with specificity for type II collagen.

Additionally we have demonstrated that both Type IV collagen and the non-col-

lagenous basement membrane glycoprotein are localized exclusively to basement

membrane of epithelial and endothelial structures.

Studies on Mechanisms of Cellular Immunity in Man :

(1) Our combined in vitro and in vivo controlled methods for the study of

cell-mediated immunity in man, have allowed us to initiate basic immunopharma-

cology and immunogenetics approaches for the study of a variety of diseases and

has already resulted in several practical diagnostic procedures.

(2) In collaboration with the Diabetes Branch we have discovered a new form

of diabetes with a defect in the affinity of insulin-receptors. Preliminary

evidence suggests that this defect may relate to circulating plasma factors.

(3) A method has been developed (clonal priming) for defining specificity and

cross reactivity at the T cell level. The clonal priming reaction offers a

practical, ethical, in vitro, quantitative approach for systematic study of

relationships recognized as foreign by immune cells. Concepts of tolerance

and immunohomeostasis have been well developed. However, progress has been

hampered by lack of an experimantal approach to directly compare tissue, dif-

ferentiation, tumour, microbial (including viral) and other environmental anti-

gens at the level of cellular immunity. With clonal priming, it may now be

possible to pinpoint agents implicated in a variety of inflammatory and neo-

plastic diseases in which cellualr immune discrimination plays a role.
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(4) We have found that the allostimulatory ability of human spermatozoa is
resistent to ultraviolet (UV) light in striking contrast to the exquisite UV
sensitivity of leukocytes.

(5) We have also detected cytotoxic lymphocytes whieh- are specific for din-
itrophenylated autologous leukocytes.

(6) We have found a T cell maturation defect in the cancer prone immunode-
ficiency disorder Ataxia-Telangiectasia. The defect is detectable in some
heterozygotes suggesting we are approaching the cite of gene action.

Detection and Analysis of Circulating Immune Complexes :

Increasing evidence indicates that circulating antigen-antibody complexes
play a role in the pathogenesis of a variety of dermatologic, rheumatologic,
neoplastic and infectious disease states"' We have identified and partially
characterized the immune complexes which exist in several diseases i.e. sys-
temic lupus erythematosus, Sjogren's syndrome, mixed cryoglobulinemia, mixed
connective tissue disease, acute and chronTc schistosomiasis, and various
types of cutaneous and systemic vasculitis utilizing two^highly sensitive
radioimmunoassays for detecting immune complexes i.e. I-Clq binding assay
and the Raji cell radioimmunoassay. We have determined the antibody classes
present in the immune complexes and examined the physiochemical characteristics
of these complexes, as well as the reaction of these complexes with mediators
of inflammation such as the complement system. We have found a good correla-
tion between absolute levels of circulating immune complexes and the extent and
severity of clinical disease. We have also examined prospectively and retro-
spectively the effect of various treatment modalities on serum levels of
immune complexes and the correlation between clinical improvement and decreas-
ing amounts of immune complexes. In addition we are interested in the mecha-
nism by which circulating immune complexes are cleared from the circulation by
the reticuloendothelial system and in collaboration with the laboratory of
Dr. Michael Frank have completed studies demonstrating defective function of
Fc IgG mediated clearance by the reticuloendothelial system which is associated
with the presence of circulating immune complexes.

Biochemical Characterization of Mammalian Melanosomes :

(1) The abnormal proteins produced in malignant melanoma are being studied:
these studies are aimed at elucidating the mechanism of formation of these
atypical proteins, as well as their importance to the immunology of melanoma
and possible immunotherapy potential.
(2) The melanosome in normal mouse tissue is composed of multiple proteins,
many of which are loosely bound and easily extracted. These probably consti-
tute the proteins of the limiting membrane of the organelle. Another protein
is of lower molecular weight and is tightly bound to the granule, and probably
constitutes the structural, fibrillar protein; it appears to be the protein
which complexes with the melanin polymer. Melanosomal proteins from melanoma
tissues vary in structure from those of normal tissue. Several of the proteins
seem to be missing completely from these granules, which are also structurally
distinguishable from normal granules by electron microscopy. Perhaps more
importantly, many of the proteins in melanoma melanosomes are unique and are
not found in normal melanin granules. This has been found to be the case in
human melanoma as well. In the murine system, a comparison of analogous pro-
teins from normal and melanoma melanin g'ranules, resolved a slight, but sig-
nificant, difference of isoelectric points (4.8 and 4.5, respectively). There
also is a difference of 10,000 MW between the two proteins; both have amino
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acid contents which are identical with respect to 13 amino acids, but differ
significantly with regards to four amino acids (asp, glu, val, arg) . The
carboxy and amino terminals however are identical. Peptide mapping has revealed
that amino acid sequences are deleted in 3 or more regions of the abnormal pro-
tein. Other proteins in these tissues seem to differ in a similar manner.
(3) The observations concerning the aberrant biochemical characteristics of

the melanoma melanosome indicate that the control of melanogenesis in malignant
melanoma is in some manner affected by carcinogenesis. These results indicate
that although melanogenesis takes place, its metabolic pattern is abnormal.
There are a wide range of implications of this research for possible immuno-
therapy and/or immunoassay of human malignant melanosomes.
(4) Since only one enzyme (tyrosinase) is essential for melanin biosynthesis,
it is a unique system for the study of enzymatic control mechanisms in normal
and malignant tissues. We have examined the status of enzymatic control of

melanogenesis and have found that tyrosinase is the enzyme responsible for
melanin synthesis in both murine and avian~'pigmentary systems, but not peroxi-
dase, as has been suggested by some workers. It has always been a subject of
dispute how tyrosinase, which can be easily demonstrated to be present in an

active configuration in the endoplasmic reticulum and Golgi apparatus , is in-
activated in vivo in mammalian systems and subsequently activated once in situ
in the melanosome. We have found that tyrosinase is under allosteric control
and that phospholipids may play a part in the expression of the enzyme's
activity. It has also been found that this allosteric regulation in murine
melanomas is altered; this perhaps explains the atypical melanosome formation
in these tissues.

Applications to Scanning Electron Microscopy (SEM) to Soft Biological Tissues :

Sem reveals fine surface structure with unparalleled three-demensionality

,

depth of field, and sampling capability. We have been specifically concerned
with the possible influence of the mitotic cycle on the surface morphology of

cells in monolayer culture; since neoplastic transformation generally acceler-
ates and alters the cell cycle, any topographic comparisons between noneo-
plastic and neoplastic cell populations must be considered in the light of

cycle-dependent changes

.

(1) Previous work from this laboratory has ruled out any major influence of

interphase stages on the topography of the commonly used Chinese hamster ovary
(CHO) cell line in unperturbed standard monolayer culture, but the impact of
mitosis on the surface form of these cells has required the analysis of repre-
sentative populations of nonsynchronized cells positively identified in each
stage of cell division and compared critically with a representative population
of authenticated interphase cells. Comparisons among the cell populations in

interphase and in each stage of mitosis reveal substantial shifts in the de-

gree of expression of three topographic features, i.e., roundness and the den-
sities of microvilli and blebs.

(2) In order to determine the distribution of H-2 and teratoma-defined anti-

gens monolayer cultures of surface mouse L cell fibroblast line CUD were
labeled by the indirect method with hemocyanin (Hey) conjugated antibodies

against antisera proven specific for H-2 and teratoma-defined antigens - in-
cluding appropriate controls. Cells labeled for teratoma-defined antigen dis-

played an even distribution of hemocyanin particles over the surface of cell

body and the microvilli whereas the particles were generally restricted to

the cell body, sparing the microvilli, on cells labeled for H-2 antigen. This
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differential distribution of label implies a structure-related difference in

the incidence or in the expression of these two antigens. The possibility of

ligand-induced redistribution of H-2 antigen is unlikely, but has not been ex-

cluded.

Chemistry, Structure and Biosynthesis of Mammalian Epidermal Keratin
Filaments :

(1) The epidermis offers a unique opportunity for the study of tumors not only
because of the quantitative importance of this tissue but also because of its

accessibility. One of the major problems in studying malignancies of the epi-
dermis has been the lack of suitable biochemical markers. The keratin fila-
ments are the most prominent intracellular components of alll epidermal cells

and therefore a study of their chemistry, structure and biosynthesis in both
normal and abnormal epidermis will be of~pTofound importance in studying tumors

in this tissue. The production of the keratin subunits in a well defined cell
culture system will facilitate studies of carcinogenesis in vitro . In addition,

the finding of large amounts of actin protein in epidermal tumors, and the de-
velopment of suitable immunoassay procedures for it is of potentially great

significance.

(2) The seven polypeptide chains which comprise the subunits of the keratin
filaments of normal bovine epidermis have been isolated and individually char-
acterized by standard protein chemical techniques. The subunits polymerize in

vitro into native-type filaments. The repeating structural unit of the fila-

ments consists of three chains aligned side-by-side with two discrete regions
of non helix. These regions have been isolated by selective digestion with

trypsin and appear in two forms. The structure of the basic repeating unit of

the epidermal keratin filament is being pursued using ultrastructural tech-

niques. Normal mouse epidermal cells grown in monolayer culture can be made
to synthesize the normal complement of keratin polypeptides. These proteins
have been isolated and characterized by standard protein chemical techniques

as done earlier with the bovine proteins. Using purified keratin proteins, a

specific radioimmunoassay has been developed for immunocyto-chemical purposes.

The synthesis of the keratin filament subunits by the mouse epidermal cells

implies the presence within the cells of the complete protein biosynthetic
apparatus, and this system is therefore potentially very useful for studying
control of differentiation in the epidermis.

(3) High resolution transmission electron microscopy of sections through
normal murine epidermis, and the outer-root-sheath component of guinea pig

hair follicles (which is contiguous to and continuous with the epidermis) is

being employed to study the structure of keratin filaments in intact tissue.

In transverse cross-section, the filaments appear annular, that is, have a

region of reduced density in their center. Similar microscopic sections of

filaments polymerized in vitro demonstrate this appearance also. In addition,
polymerized filaments negatively-stained with neutralized phosphotungstic acid

display a region of enhanced electron density in their centers. These obser-

vations suggest the filament is tubular in structure. Further detailed elec-
tron microscopic data is required to establish this concept fully.

(4) In collaboration with Dr. R.D. Goldman, Carnegie-Mellon University, Pitts-

burgh, it has been shown that the lOnm filaments of a variety of epithelial

and mesenchymal cell-types grown in culture have the same structure as epider-

mal keratin filaments. Further chemical and structural studies will be con-
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fined to the filaments of BHK-21 cells since these are readily available in

large quantities. The apparent ubiquity of the keratin-like filaments in many

if not all eukaryote cell-types indicates that they are extremely important in

the function of cells. The structural studies will provide insights into this

phenomenon

.

(5) In collaboration with Dr. B.A. Dale, University of Washington, Seattle,

it has been shown that a histidine-rich protein isolated from rat epidermis

specifically aggregates epidermal keratin filaments from several species in

vitro to form a highly-ordered fiber. Electron microscopy of such fibers re-

veals a pattern of filaments 70-80 S in diameter embedded in a darker-staining

background, or matrix. This structure is typical of the "keratin pattern" seen

in the fully-differentiated stratum corngum of the epidermis. This suggests

strongly that the basic protein is the matrix protein of epidermis. Our work

constitutes the first real evidence for and demonstration o'f the role of a

matrix protein in the epidermis. Interes.tjjigly, in certain diseases of the epi-

dermis involving abnormal keratinization, such as psoriasis, the amount of the

basic protein is greatly diminished from normal. There may be a relationship

between the absence of the basic protein and presence of abnormal keratin fila-

ments which could provide important information on the disease itself.

953



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this spac^)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 03630-09 D

PERIOD COVERED

October 1, 1978 to September 30, 1979
TITLE OF PROJECT (80 characters or less)

""

Morphologic and Biochemical Effects of Vitamin A and Analogs on Chick and
Human Skin

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: G.L. Peck
P.V. Bhat
P.M. Steinert
E.G. Gross
P.M. Elias

Senior Investigator Derm NCI
Visiting Fellow Derm NCI
Expert Consultant, Biochemist Derm NCI
Expert Consultant, Dermatopathologist Derm NCI
Asst. Professor, Dept. of Dermatology

Univ. of California Medical Center

COOPERATING UNITS (if any)

Experimental Pathology Branch

lab/branch

Dermatology Branch

INSTITUTE AND LOCATION
NCI, NIH, Bethesda, Maryland 20205

TOTAL MANYEARS:

1.2
PROFESSIONAL:

1.2

CHECK APPROPRIATE BOX(ES)

G (a) HUMAN SUBJECTS

D (al) MINORS (a2) INTERVIEWS

(b) HUMAN TISSUES n (c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

This project proposed to morphologically and biochemically define the
mechanism of action of vitamin A and its derivatives (retinoids ) in altering
epidermal differentiation in embryonic skin, normal skin, and in benign and
malignant lesions of skin.

954

PHS-6040
(Rev. 10-76)



ZOl CB 03630-09 D

Project Description:

Objectives :

1) To investigate the mechanisms governing epidermal cell differentia-

tion.

2) To morphologically investigate the mechanism by which vitamin A

alters epidermal cell differentiation in embryonic skin, normal adult

skin, and in benign and malignant lesions.

3) To define certain dermatologic disorders of keratinization at the

biochemical level.

The Objective and Approach of the National Cancer Plan that this project

most closely supports is 3.1: Study the nature and modification of the

precancerous state and determine mechanisms accounting for high degrees

of stability of cell functioning.

Material :

1) 0.2-0.4 mm thick, Castroviejo keratotome slices of normal and diseased

human skin. Skin from patients with Ichthyosis and Darier's Disease

(NCI-3643) has been used to date.

2) 3-4 mm punch biopsies of normal and diseased human skin (NCI-3643)

.

Major Findings :

1) In search of active metabolites of retinol and retinoic acid, these

agents were used to treat spontaneously transformed mouse fibroblasts in

cell culture experiments. With exposure to these agents, the fibroblasts

exhibited increased cell-cell and cell-substrate adhesion but decreased

saturation density. One metabolite of retinoic acid synthesized by these

cells had the chromatographic properties of retinyl phosphate. Alkaline

hydrolysis of this product yielded a hydrocarbon similar to the hydrolysis

product of retinyl phosphate. Two metabolites of retinol were synthesized

by the fibroblasts. One was identified as anhydroretinol and the other as

a 310-metabolite, which is probably an intermediate in the formation of

anhydroretinol. This enzyme reaction appears to be specific for fibro-

blastic cell lives.

2) Preliminary electrophoretic analyses have indicated that several

major protein components found in normal skin are lacking in involved

skin in Darier's. This data, might indicate that either certain metabolic

processes are inhibited in patients or that excessive degradation of the

protein components has occurred. Further work is being done to resolve

this issue in Darier's disease and other cutaneous disorders of keratini-

zation.
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Significance to Cancer Research :

1) Since carcinogenesis is an instance of altered differentiation,
studies of vitamin A effects on differentiation, may serve as an excellent
model for investigations of cellular control mechanisms which relate to

carcinogenesis. The fact that carcinogenesis is influenced very markedly
by vitamin A deficiency directly links research on vitamin A epithelial
effects to cancer reaearch.

2) Furthermore vitamin A is of value in the treatment of malignancy.
The mechanisms of 'action of vitamin A in affecting differentiation may
be related to its antineoplastic activity. ,-^

Proposed Course of Project :

1) A. The identification of metabolites of vitamin A and its derivatives
in normal and diseased skin will be continued.

B. The presence of specific binding proteins of vitamin A and its
derivatives in normal and diseased skin will be detennined.

C. The effect of vitamin A and its derivatives on the glycosyltrans-
ferase activities of normal and diseased skin will be studied.

2) Further attempts will be made to characterize the epidermal proteins
in cutaneous disorders of keratiniziation.

Publications:

1. Bhat, P. v., Deluca, L.M., Adamo, S., Akalovski, I., Silverman-Jones,
C.S., Peck, G.L.: Retinoid Metabolism in Spontaneously-Transformed Mouse
Fibroblasts (Balb/c 3T12-3 cells) : Enzymatic Conversion of Retinol to

Anhydroretinol. J. Lipid Res. 20: 357-362, March; 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

Studies in this laboratory are designed to elucidate the role of DNA

repair processes in human diseases and in carcinogenesis , mutagenesis and

aging . Most studies have been conducted with cells from patients with

xeroderma pigmentosum (XP) , all of whom have defective DNA repair plus the

clinical abnormalities of multiple cutaneous malignancies and premature aging

of sun-exposed skin. The DNA excision repair process is measured by assays

of UV-induced unscheduled DNA synthesis. We assess the biological effectiveness

of DNA repair by in vitro assays of post-irradiation colony-forming ability and

trypan blue exclusion. We continue to classify XP cells into the appropriate

genetic form of the disease by fusing fibroblasts to each other and measuring

the UV-induced unscheduled DNA synthesis in the fused cells autoradiographically

We are extending our work to include cells from patients with other diseases in

which DNA repair defects are claimed or suspected, such as Cockayne's syndrome ,

ataxia telangiectasia , Fanconi's anemia , Werner ' s syndrome , Ro thmund-Thomp son

syndrome ,
progeria . Bloom' s syndrome and dyskeratosis congenita .
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Project Description:

Objectives :

To study DNA repair processes in normal cells, cells from patients with
each of the eight genetic forms of xeroderma pigmentosum (XP) , and cells
from patients with other diseases in which defective DNA repair is claimed
or suspected; to determine the relationships between the function of such
DNA repair processes and 1) carcinogenesis, mutagenesis, cytotoxicity and
2) the clinical findings of photosensitivity, premature aging, and UV-
carcinogenesis

.

The Objective and Approach of the Nartinnal Cancer Plan that this project
most closely supports is 3.1: To study the nature and modification of the
precancerous state and determine mechanisms accounting for high degrees of
stability of cell functioning.

Materials

:

Most cells are obtained from established cell repositories. Some cells
are obtained from hospitalized patients and outpatients at the NIH and
occasionally as gifts from other investigators. Cells currently under
study are dermal fibroblasts and lymphocyte lines (long-term Ijnnphoblast
lines)

.

Methods Employed :

Rates of excisional DNA repair are determined by using scintillation
spectroscopy or autoradiography to measure the UV-induced unscheduled
incorporation of tritiated thymidine into X-ray or ultraviolet (UV)-
irradiated cells. Cells treated with various chemicals will also be
studied for such unscheduled incorporation. The biological effectiveness
of repair is tested by assays of post-irradiation colony-forming ability
(CFA) or trypan blue exclusion. Photobiological tests in vitro, similar
to those used with XP cells, are being conducted on cultured cells from
patients with ataxia telangiectasia and patients with Cockayne's syndrome.
Bloom's syndrome, Fanconi's anemia, Werner's syndrome, Rothmund-Thompson
syndrome, dyskeratosis congenita and actinic keratoses. XP and normal
human cells are being irradiated and injected into nude mice to determine
if radiation-induced malignant tumors will develop. Our very sensitive
autoradiographic techniques for determining the uptake of tritiated thy-
midine into DNA is being employed to detect mycoplasma contamination of

human cells in tissue culture.

UV-induced mutagenesis of the patients' cells are studied in vitro by
measuring the irradiated cells' acquisition of resistance to 6-thioguanine.
DNA repair-defective and normal cells are being studied for the presence
of defects in "post-replication repair" ,by means of alkaline sucrose
gradient centrifugation analysis.
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Major Findings : —

1) We have studied post-UV colony-forming ability (CFA) in irradiated
XP fibroblasts from each of six genetic forms of XP. A striking correla-
tion between the degree of reduction in post-UV CFA and the presence,
onset and severity of XP-associated neurological abnormalities has been
found. These results constitute the first strong evidence for a relation-
ship between the effective level of DNA repair and the severity of a

heredo-degenerative condition of the nervous system. We have now con-

firmed these findings on fibroblasts" by studies measuring XP lymphoblasts

'

post-UV survival as determined by their ability to excj.ude trypan blue.

2) Our post-UV survival tests with lymphocyte lines and with fibroblasts

indicate that cells derived from "normal" persons have different degrees

of survival following UV-irradiation. The most sensitive normal lines

have the same sensitivity as the group E XP cells. Studies are in progress
to determine whether these differences are genetically determined and

whether normal persons whose cells have increased sensitivity to UV radia-
tion have abnormal clinical responses to sunlight.

3) Together with Dr. Robert Tarone we have successfully utilized the

NIH computer facilities to graph and analyze the results of our fibro-

blast survival studies. Programs are being developed for the computerized
analysis of the data obtained from mutagenesis experiments using fibro-

blasts and lymphocyte lines.

4) Lymphocyte lines have been derived from many patients with XP and

from patients with other inherited DNA repair defects. The ability of

UV-irradiated lymphoblasts to exclude trypan blue provides a very rapid

and sensitive assay of the biological effectiveness of DNA repair. With

this assay we are characterizing the DNA repair defects in several diseases,

We are also using this assay to study in vitro the sensitivity of patients'

cells not only to UV-radiation but to the DNA-damaging effects of gamma

rays and of chemical carcinogens. We have confirmed reports of the sensi-

tivity of AT cells to gamma radiation.

5) Studies with Dr. Jay Doniger have been conducted to measure post-

replication repair in human fibroblasts. These studies have revealed

those forms of inherited DNA-repair diseases which have normal or im-

paired post-replication repair. These studies are being conducted also

with fibroblasts derived from normal humans. We have confirmed reports

that XP variant cells have a large defect in post-replication repair and

that most excision repair-deficient strains have intermediate defects.
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6) Attempts are being made to accomplish in vitro malignant transfor-
mation of XP and normal fibroblasts by UV light. The irradiated cells
are injected into nude mice to determine if malignant tumors will form.
If successful, the results of such work, when correlated with our knowledge
of DNA repair efficiency and UV mutability, should yield important new
information concerning the interrelationships of DNA repair, mutagenesis
and carcinogenesis. The Small Animal Section has so far been able to
keep the nude mice alive and well for six months following their injection
with irradiated human cells. It is too early to determine whether or not
tumors will develop in these mice fcom the injected cells.

7) Normal and XP fibroblasts are being irradiated with ultraviolet light
and cultured in Petri dishes. They .are then cultured in soft agar to

select for any cells which have acquired the capability of growing in
such agar. Such cells will then be injected into nude mice to see if they
have become malignant.

8) Autoradiographic screening of cells for the presence of mycoplasma
(detected as 'cytoplasmic' incorporation of tritiated thymidine) has been
shown to be of great value, especially when dealing with those species of
mycoplasma not easily detected by standard culturing techniques. Such
screening is of great importance to all work on DNA repair as mycoplasma
contamination can significantly alter the results of repair assays and,
if undetected, could lead to erroneous conclusions. The sensitivity of

our detection method is being compared to standard fluorescent and culture
techniques for detecting mycoplasma. We are analyzing the results of

these studies.

9) Mutagenesis studies are being conducted on normal and XP fibroblasts
and lymphocyte lines. The UV-induced mutation to 6-thioguanine resistant
cells is determined by standard techniques. The mutated lymphoblasts will
be cloned and analyzed biochemically to determine the nature of the per-
tinent mutation.

Significance to Biomedical Research and the Program of the Institute :

UV-radiation is believed to be the major cause of the most common type of
human cancer, cancer of the skin. Patients with XP are particularly sus-
ceptible to the carcinogenic action of UV-radiation and develop multiple
malignancies on sun-exposed areas of skin. Normal human cells have re-
pair processes which rapidly and effectively repair DNA damage, while
most XP patients have a marked impairment in the rate and/or efficiency
of such repair. This process is involved not only in repair of UV-in-
duced DNA damage but also in repair of damage by certain chemical carcino-
gens. Understanding the relationship between DNA repair deficiency and
skin tumor develop in XP patients would, therefore, elucidate the role of
DNA repair in preventing in normal humans those cancers which may be due
to certain chemical and physical carcinogens. Extension of this work to
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include study of other diseases in which DNA repair may be defective,
especially those associated with an unusually high incidence of cancer
such as ataxia telangiectasia, Fanconi's anemia and Bloom's syndrome, will
further increase our understanding of the relationships between DNA repair
processes and carcinogenesis.

XP patients' sun-exposed skin ages much more rapidly than normal humans'
skin. Some XP patients develop neurological abnormalities that are due

to the premature death of neurons. Our studies of the DNA repair defects
are providing an understanding of the relationship of DNA repair processes
to these aging phenomena in XP . Thus, our studies of aging in XP organs
is providing important knowledge as to how properly functioning DNA repair
processes prevent such aging in nonnal" humans

.

Proposed Course of Project :

Continuation of research as indicated in the foregoing.

Publications :

1) Robbins, J.H.: Guest Editorial. The significance of repair of human
DNA: evidence from studies of xeroderma pigmentosum. J. Natl. Cancer
Inst. 61: 645-656, 1978.

2) Robbins, J.H. and Moshell, A.N. : DNA repair processes protect human
beings from premature solar skin damage. J. Invest. Dermatol . Cin press),

1979.

3) Robbins, J.H.: Xeroderma Pigmentosum. In Dermatology in General
Medicine , 2nd ed. (Fitzpatrick, T.B. , et. al. Eds.) McGraw-Hill,
New York. (In press)

.
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Project Description :

Objectives :

To define the surface ultrastructure of leukocytes under a wide range of
conditions and thereby provide fresh insight into the physiology of nor-
mal and leukemic cells; also, to characterize definitively the origin,
contents, and fate of the characteristic granules of neutrophils, eosino-
phils, and basophils as an index of the development, function and fate
of these cells.

The Objective and Approach of the National Cancer Plan^ that this project
most closely supports is 4.1: Investigate the biology of cells already
capable of forming cancer to determine" the relationship of their growth
and interaction with the host response.

Methods Employed :

In conjunction with a literature search for general procedures ancillary
to SEM, we have sought alternative methods for high yield collection,
drying, and correlative SEM/LM (light microscopy) circulating leukocytes
fixed directly in peripheral blood.

Major Findings :

The filtration/freezing procedure developed in this laboratory remains
the method of choice, although it is limited by the extremely low inci-
dence of leukocytes in peripheral blood.

Significance to Cancer Research :

The reactions of lymphocytes and macrophages to immune responses in malig-
nant growth and therapy are largely dependent on cell surface phenomena
and cell interaction — both uniquely amenable to study by SEM and ancil-
lary methods

.

A thorough understanding of the origin and nature of leukocyte granules
is necessary to define and interpret the differentiation of normal granulo-

cytes, the cytopathology of chronic granulocytic leukemia and related dis-
orders, and to help clarify the nature and functions of granulocytic in-

filtrates in skin and other tissues in malignant diseases.

Proposed Course :

Methods for concentrating fixed leukocytes will be explored.

Pending modification of our methods, we will be engaged in a thorough de-
scription of the topogtaphy of peripheral leukocytes from normal humans
obtained in representative yields. 'This approach will be extended to

studies of hematopoiesis and the leukemias . A major study of leukocyte
granulogenesis is planned employing quantitative auto-radiography, cyto-

chemistry and TEM. Light microscopic monitoring of preparative conditions
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and the dynamics of leukocyte adherence, motilit_2., interaction, and
growth will be continued with the use of thin perfusion chambers.

Publications :

None
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This project has partially characterized the nature of tyrosinase, and

determined the mechanism of normal latency of the enzyme, and its subsequent

activation in vivo . The role of this enzyme in melanogenesis in normal tissue

and the importance of the altered enzyme found in melanoma tissues is being

studied.
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Project Description:

Objectives :

To investigate the control mechanisms involved in regulating melano-
genesis in a variety of normal and malignant tissues.

The objective of the National Cancer Plan that this project most closely
supports is 3.1: To study the nature and modification of the precan-
cerous state and determine mechanisms accounting for high degrees of
stability of cell functioning.

Methods Employed :

Tyrosinase and other enzymic activities are investigated both by
spectrophotometric and radioactive assay methodology. Tissues are
dissected immediately before use in 0.1 M phosphate buffer, homogenized
and fractionated into subcellular fractions by means of density gradient
centrifugation and differential centrifugation. After solubilization
with detergents, enzymes are further purified by polyacrylamide gel
electrophoresis. Samples are then incubated with the appropriate sub-
strates and controls. The production of melanin and other reaction
products can be followed spectrophotometrically , by liquid scintillation
counting of the newly formed radioactive melanin or byproducts, and char-
acterized by amino acid analysis.

Major Findings :

Since only one enzyme (tyrosinase) is essential for melanin biosynthesis,
it is a unique system' for the study of enzymatic control mechanisms in
normal and malignant tissues. We have examined the status of enzymatic
control of melanogenesis and have found, that tyrosinase is the enzyme
responsible for melanin synthesis in both murine and avian pigmentary
systems. It has always been a subject of dispute how tyrosinase, which
can be easily demonstrated to be present in an active configuration in
the endoplasmic reticulum and Golgi apparatus, is inactivated in vivo in
mammalian systems and subsequently activated once in situ in the melano-
some. In amphibians, the mechanism seems to be proteolytic activation; in
mammalian and avian systems, however, proteolysis has no function in this
regard. L-DOPA is the natural activator of the enzyme in vivo ; we have
tested over twenty L-DOPA analogs substituted in various positions, and
determined the enzyme is extremely specific in its requirement for L-DOPA
as a cofactor. It has been found in this study that tyrosinase is under
allosteric control and that phospholipids may play a part in the expression
of the enzyme's activity. It has also been found that this allosteric
regulation in murine melanomas is altered; this perhaps explains the
atypical melanosome formation in these tissues.
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Significance to Cancer Research :

In view of the differences noted between the regulation of tyrosinase in

normal and melanoma tissues, we feel that at least one of the primary-

differences between the melanogenic capabilities of these two tissues has
been revealed. The fact that these controls are operational at the post-
translational level is informative; whether other levels of cellular con-
trol mechanisms are affected by carcinogenesis remains to be investigated.
It is hoped that further study of the cause of these enzymatic differences
in the malignant tissues will provide insights into the nature of neo-
plastic transformation.

Proposed Course of Project : _

Differences in the control mechanisms over melanogenesis in normal and

malignant melanoma tissues will continue to be investigated. The charac-
teristics of enzymatic activity and control in various subcellular frac-
tions are being studied. This project has been expanded to include
characterization of similar metabolisms in normal and malignant human
tissues.

Publications :

1) Hearing, V.J., Ekel, T.M., Montague, P.M., Hearing, E.D., and

Nicholson, J.M.: Mammalian tyrosinase: isolation by a simple new
procedure, and characterization of its steric requirements for cofactor

activity. Arch. Biochem. Blophys. 185: 407-418, 1978.

2) Hearing, V.J., Nicholson, J.M., Montague, P.M., Ekel, T.M., and

Tomecki, K.J.: Mammalian tyrosinase - structural and functional inter-

relationship of isozymes. Biochim. Biophys. Acta. 522: 327-339, 1978.

3) Eppig, J.J., Jr., and Hearing, V.J.: Melanogenesis in normal and

malignant tissues: Effects of trypsin, phospholipase C and Triton X-100

on tyrosinase activity. Pigment Cell (in press).
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Project Description:

Objectives :

To characterize the structural and enzymatic composition of melanin
granules throughout their development in vivo , both in normal and
abnormal pigmentary systems.

The objective of the National Cancer Plan that this project most
closely supports is 3.1: To study the nature and modification of the

precancerous state and determine mechanisms accounting for high degrees
of stability of cell functioning.

Methods Employed :
— —

Our research has been aimed primarily at characterizing the chemical
composition of melanosomes in murine and human pigment systems, both
in the normal as well as in melanoma tissues. Tissues are excised and
homogenized in 0.25M sucrose, and the melanosomes are then isolated and
purified by means of an extensive series of differential centrifugations

.

Granules thus isolated are solubilized in either sodium decyl sulfate,
8 M urea or Triton X-100, then examined with the aid of polyacrylamide
gel electrophoresis. Computer analysis of the resulting protein separa-
tions allows the calculation of various physiochemical parameters of
these macromolecules, including molecular weight, molecular size, valence
and several other physical constants that are most useful in the compari-
sons of various proteins. Preparative polyacrylamide gel electrophoresis
has enabled mg quantities of the proteins under study to be isolated in

a pure state. This has allowed further characterization of these proteins
with regard to their amino acid content, isoelectric point, molecular
weight, prosthetic group content, end terminal sequences, and cyanogen
bromide maps.

Major Findings :

The melanosome in the normal mouse tissue is composed of multiple proteins,
many of which are loosely bound and easily extracted. These probably
constitute the proteins of the limiting membrane of the organelle.
Another protein is of lower molecular weight and is tightly bound to the
granule, and probably constitutes the structural, fibrillar protein; it

appears to be the protein which complexes with the melanin polymer.
Melanosomal proteins from melanoma tissues vary in structure from those
of normal tissue. Several of the proteins seem to be missing completely
from these granules, which are also structurally distinguishable from
normal granules by electron microscopy. Perhaps more importantly, many
of the proteins in melanoma melanosomes are unique and are not found in
normal melanin granules. This has been found to be the case in human
melanoma as well. In the murine system, a comparison of analogous proteins
from normal and melanoma melanin granules, resolved a slight, but signifi-
cant, difference of isoelectric points (4.8 and 4.5, respectively). There
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also is a difference of 10,000 MW between the two proteins; both have
amino acid contents which are identical with reffpfect to 13 amino acids,
but differ significantly with regards to four amino acids (asp, glu,

val, arg) . The carboxy and amino terminals however are identical. Pep-
tide mapping has revealed that amino acid sequences are deleted in 3 or

more regions of the abnormal protein. Other proteins in these tissues
seem to differ in a similar manner.

Significance to Cancer Research :

The observations concerning the aberrant biochemical characteristics of

the melanoma melanosome indicate that the control of melanogenesis in

malignant melanoma is in some manner affected by carcinogenesis. Mela-
nomas are unusual among cancers since they do not result in complete
differentiation of the affected melanocyte, but allow this cell's speciali-
zation, i.e. melanogenesis, to continue. The;3e results indicate tliat

although melanogenesis takes place, its metabolic pattern is abnormal.

There are a wide range of implications of this research for possible
immunotherapy and/or immunoassay of human malignant melanosomes. An
analogous situation of altered proteins has been described in several
other types of malignancies; thus this process of atypical formation of

proteins may be common to neoplastic transformation. The similarity of

these proteins suggests that the unique proteins present in the malignant
melanocyte are an aberrant form of the analogous protein in the normal
melanocyte, although the mechanism effecting this has not yet been eluci-
dated.

Proposed Course of Project :

Since there are indications that the metabolism of melanogenesis in

murine melanoma is aberrant, our research is ultimately intended to examine
human melanomas, and attempt to characterize the level on which these
disorienting control mechanisms operate. It is hoped that further insight
into such controls, be they at the level of replication, transcription,
translation, or post-translation, will provide clues as to the level on
which carcinogenic information is expressed.

Publications:

1) Nicholson, J.M., Montague, P.M., Ekel, T.M. and Hearing, V.J.:
Isolation and partial characterization of aberrant melanosomal proteins
from normal and malignant murine melanocytes. Pigment Cell (In press).

2) Hearing, V.J., Kerney, S.E., Montague, P.M., Ekel, T.M. and

Nicholson, J.M.: Characterization of the intracellular location of

tumor-associated antigens in B-16 murine malignant melanoma. Pigment
Cell ( In press)

.
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nisms involved m epithelial and lymphoid malignancies , auto- immune disease, al-

lograft rejection and allergic contact dermatitis. Characterization of the ab-

normal blastogenic responses found in certain diseases, particularly lymphoid

malignancies. The necessity of both lymphocytes and macrophages in blastogenic

responses in vitro has been elucidated and the lymphocyte has been identified as

the cell which determines the immunologic specificity of the blastogenic response

to antigens. A soluble mediator, released by macrophages, has been found to be

an essential requirement for the blastogenic response to antigens and foreign

tissues. Soluble mediators (lymphokines) , released by various subpopulation of

lymphocytes, have also been detected and studied at varying times following spe-

cifically induced cell-mediated contact sensitivity reactions. Our combined in

vitro and in vivo controlled methods for the study of cell-mediated immunity in

man, have allowed us to initiate basic immunopharmacology and immunogenetics

approaches for the study of a variety of diseases and has already resulted in

several practical diagnostic procedures. Additional studies promise a method

for .qp.lp.rt-ing effective immunotherapeutic agents against specific cancers.

PKS-
(Rev
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Project Description: —

-

Objectives :

1) To investigate the mechanisms concerned with the control of mitosis,
differentiation, function, and potentialities of normal and pathologic
cells, with particular reference to the lymphocyte and cells of the lym-
phoreticular system.

2) To investigate the functional and morphological interactions between
lymphocytes and macrophages and among different popula,tions of lymphocytes
during in vitro immune responses related to delayed hypersensitivity,
homograft reactions, and cell mediated- allergic contact dermatitis.

3) To detect, characterize, and isolate biologically active substances,
including soluble mediators of cellular immunity, produced in stimulated
and unstimulated human leukocyte cultures. To study their effects modu-
lation, and differentiation in vitro .

4) To develop an in vitro system for studying allergic contact dermatitis
in humans including a method of monitoring immunotherapy of skin cancers
with DNCB.

5) To develop a useful and sensitive histocompatibility test in humans.

6) To develop an in vitro model for the study of homograft rejection in

humans

.

7) To develop an in vitro system for studying immune reactivity to

various skin cancers.

8) To determine the efficacy of 2,4 dihitrochlorobenzene (DNCB) on cu-

taneous malignancies and premalignant growth in subjects sensitized to

DNCB.

9) To evaluate DNCB as a useful model for the study of immunotherapy of

certain human cancers and possibly lead to additional immunotherapy studies.

10) To develop an in vitro model for studying and screening drugs which
modulate cell mediated immunity in humans.

11) To develop more quantitative clonal estimates of cellular immunity in

normal and pathological states including cancer prone subjects immunode-
ficiency disorders.

The Objective and Approach of the National Cancer Plan that this project
most closely supports is 6.1: Develop and utilize methodologies of
immunology, chemotherapy, surgery and radiation (alone and in combinations)

in the cure and palliation of cancer.
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Material :

1) Lymphocytes and other peripheral blood cells are obtained from hospi-

talized patients and outpatients including patients with chronic lympho-

cyte leukemia, sezary syndrome, and other disease states.

2) Keratatome strips of human skin.

3) Excised tumors of human skin.

4) Sperm cells obtained from human "ejaculates.

5) Fibroblasts, lymphoid cells from humans and other species maintained

in tissue culture. — —

Methods Employed :

1) Human peripheral blood lymphocytes are cultured in vitro and stimu-

lated to transform into large blastoid cells by factors such as phyto-

hemagglutinin, antigens, and foreign tissue. This phenomenon of blasto-

genesis is evaluated by the morphologic and biochemical changes which the

lymphocytes undergo. The mechanisms by which these blastogenic factors

act and the culture conditions required for blastogenesis are determined.

2) Human peripheral blood leukocytes are separated into a glass-adherent

cell population, composed largely of macrophages, and into a population

consisting of small lymphocytes. By recombining suchpopulations obtained

from the same and from different individuals, the function of each popu-

lation is determined. Interactions and contacts between cells are exam-

ined by light and scanning electron microscopic techniques, including

methods for observing the same cells by both modalities.

3) A method has been developed for freeze storing leukocytes for subse-

quent studies of the blastogenic response to various antigens and mitogens.

4) A method has been developed for adapting the dinitrochlorobenzene

contact sensitization test to the in vitro lymphocyte transformation sys-

tem.

5) Methods have also been developed for freeze storing human spermatozoa

with preservation of HLA-D (LD) antigens.

6) Methods have been developed for obtaining highly specific populations

of antigen secretive human lymphocytes.

Major Findings :

1) Methods for obtaining 'purified' lymphocytes, glass-adherent mononu-

clear cells, and a population containing both cell types from human per-

ipheral blood have been developed and analyzed. We have improved and

utilized a very rapid and simple 5-minute centrifugation method using

heparinized whole blood for obtaining a population of mononuclear leuko-
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cytes (lymphocytes and monocytes) with very few contaminating granulo-
cytes. This mononuclear leukocyte population cofrtains the two cell types
required for the blastogenic response and provides cultures capable of
responding with maximal responses to specific and non-specific blasto-
genic factors.

2) Human epidermal cells induce blastogenesis in allogeneic leukocytes.
Human epidermal cells did not induce blastogenesis in autologous leuko-
cytes nor in the leukocytes of a mixed leukocyte HL-A identical sibling
pair. These results indicate that epidermal induced leukocyte blasto-
genesis is a measure of histocompatfb'ility in humans comparable to a one-
way mixed leukocyte reaction. ^

3) A method has been developed which "permits positive light microscopic
identification of individual leukocytes in a heterogeneous population by
Giemsa staining while preserving delicate surface features for subsequent
scanning electron microscopy of the same cells.

4) Isolation and partial characterization of a factor released by glass
adherent phagocytic cells which is an essential requirement for the blasto-
genic response of lymphocytes to specific antigens, leukocytes, and phyto-
hemagglutinin

.

5) Isolation of a factor released in cultures containing lymphocytes of
subjects sensitized to DNCB that will induce blastogenesis in leukocyte
cultures from nonsensitized subjects.

6) Characterization of the abnormal blastogenic responses of lymphocytes
from patients with chronic lymphocytic leukemia, sezary syndrome, and other
related disease states.

7) Development of a method for monitoring the degree of sensitivity to

DNCB i^ vitro during i^ vivo contact sensitization. This in vitro tech-
nique expands the usefulness of DNCB for the evaluation and study of cell
mediated immunity, and offers a method for monitoring DNCB immunotherapy,
an approach for the study of tolerance, and a controlled system for the
study of the many antigen-released mediators of cellular immunity in man.
Similar approaches with other contact allergens may offer a safe diagnostic
test for allergic contact dermatitis.

8) Successful adaptation of the Dinitrochlorobenzene (DNCB) contact sen-
sitization test to the in vitro lymphocyte transformation technique in
humans

.

9) Development of simplified methods for freeze storing human peripheral
blood leukocytes.

10) Using the frozen leukocyte technology and the method for studying
DNCB sensitivity in vitro we have demonstrated a temporal relationship
between in vivo skin reactivity and in vitro specific lymphocyte trans-
formation during a primary immune response.
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11) Peak in vitro activity was observed two to four weeks following
application of the primary sensitizing dose of D^CB and fell off to

lower levels within two months of primary sensitization. These sequen-

tial studies of allergic contact dermatitis in humans are the first such

studies of the kinetics of a primary cellular immune response using both

in vivo and in vitro techniques.

12) Additional studies have demonstrated a quantitative relationship

between the intensity and duration of allergic contact dermatitis to DNCB

in vivo and the magnitude of specific, lymphocyte transformation in vitro .

13) Demonstration that repeated challenge with DNCB boosts specific in

vitro' lymphocyte transformation. _ _

14) Discovery of lymphokine activity in allergic contact dermatitis there

is evidence that such lymphokines may be the mediators of cell mediated

immunity

.

15) Demonstration of the time course of release of lymphokine activity in

human peripheral blood cultures.

16) Demonstration of reproducible dose-response curves for lymphokine

activity. Such dose-response curves illustrate a sensitive quantitative

assay for cellular immunity in vitro and offers a biological system with

great potential for further characterization and isolating the mediators

in cell mediated immunity.

17) The DNCB system offered the versatility that made it possible to

show the lymphokines responsible for lymphocyte transformation in target

leukocyte populations from nonsensitized subjects were as active on syn-

geneic (identical twins) leukocytes as on allogeneic leukocytes, indi-

cating the observed activity was not due to histocompatibility factors.

18) It has recently been shown that lymphokine activity is absent during

a primary immune response to DNCB and required one or more rechallenges

before activity is detectable using the lymphocyte transformation system

which suggests the soluble factors known as lymphokines, may represent an

amplification of cellular immunity.

19) Successful adaptation of an automated microsystem for harvesting cells

has enabled us to harvest cells in a rapid fashion.

20) The unique features of this project are: a) Both in vitro and in

vivo portions of this project are ethically feasible in humans which makes

these studies more germane to human disease, b) Previous studies with

microbial antigens have lacked effective control over exposure, in con-

trast to controlled DNCB sensitization. c) The assay is sensitive, spe-

cific and quantitative making it a valuable tool for measuring lymphocyte

activation under a variety of experimental conditions.
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21) Studies on soluble factors released by human—lymphocytes (lympho-
kines) indicate that little or no lymphokine is released during an in vivo
primary immune response to DNCB, but is produced in some subjects only
after additional in vivo rechallenge. We interpret this to indicate that
the lymphokine activity demonstrated in vitro may well indicate a bodily
mechanism for amplifying the cellular immune response.

22) Recent studies in our laboratory indicate that an entire series of

DNP containing amino acids induce varying degrees of lymphocyte trans-
formation specifically in subjects topically sensitized with DNCB. The
ability to stimulate with soluble DNP containing substances as well as

with our previously developed particulate antigen offers great flexibility
in our combined rn vitro - in vivo sysT'em for investigating the cellular
immune response in humans. Furthermore, these studies might prove to be
of considerable importance in understanding the mechanism of triggering a

specific cell mediated immune reaction.

23) Demonstration of the ability of sperm cells to induce allospecific
l3mphocyte transformation. We have previously demonstrated the ability of

macrophages, certain lymphocytes, and human epidermal cells to induce allo-
specific lymphocyte transformation. Interestingly, studies in the mouse
indicated that a product of the major histocompatibility complex has a

tissue distribution similar to the cell populations we have found to in-

duce allospecific lymphocyte transformation in humans. These findings
could have important impact in diverse areas such as transplantation and

reproductive biology. We are currently attempting to find out if our

studies on contact sensitivity are related or in any way controlled by the

major histocompatibility complex in humans. The combination of our histo-
compatibility and contact sensitivity studies may develop into a field of

human immuno gene tics with potential ramifications in a wide variety of

disease states.

24) We have developed methods for freeze-storing human spermatozoa and

preserving their ability to stimulate allogeneic lymphocytes. This method-
ology, which uncovers the important Hl-A-D (LD) locus responsible for graft

rejection allows a practical and superior approach to study of the genetic

locus containing immune response genes associated with a variety of human
diseases.

25) In collaboration with the Diabetes Branch we have discovered a new
form of diabetes with a defect in the affinity of insulin-receptors.

26) We have developed a method (clonal priming) for defining specificity
and cross reactivity at the T cell level. The clonal priming reaction

offers a practical, ethical, ^ vitro
,
quantitative approach for systematic

study of relationships recognized as foreign by immune cells. Concepts
of cross reactivity, organ- and tissue-specific antigens, autoimmunity,
tolerance and immunohomeostasis have been well developed. However, prog-

ress has been hampered by lack of an experimental approach to directly
compare tissue, differentiation tumour, microbial (including viral) and

other environmental antigens at the level of cellular immunity. With
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clonal priming, it may now be possible to pinpoint agents implicated in a

variety of inflammatory and neoplastic diseases in which cellular immune

discrimination plays a role.

27) Clonal priming has been extended to the study of soluble protein

antigens which require a method of representation in our second culture.

This method should allow the study of autologous components (immune re-

sponse gene products) and identification of specific environmental anti-

gens which may be involved in the immunopathogenesis of major histocom-

patibility (MHC) associated diseases".'

y'

28) We have found the leukocyte autologous components (immune response

gene products) required for lymphocyte" activation in DNCB sensitized sub-

jects are sensitive to ultraviolet light and behave in a manner similar

to HLA-D determinants.

29) We have found that the allostimulating ability of human spermatozoa

is resistant to ultraviolet (UV) light in striking contrast to the ex-

quisite UV sensitivity of leukocytes. This finding is not only interesting

in distinguishing these two measures of histocompatibility, but gives us

significant possible insight on the mechanisms involved in recognition

processes and provides putative evidence for an effect at the genetic

(DNA) level.

30) We have reported the detection in our culture system of cytotoxic

lymphocytes which are specific for dinitrophenylated autologous leukocytes.

Cytotoxic activity was demonstrated in a 4 hour chromium release assay

using unstimulated peripheral blood lymphocytes as targets. Lytic activ-

ity was not observed in fresh PEL but was demonstratible by day 5 of pri-

mary in vitro stimulation and could be demonstrated as late as day 21.

Cytotoxic activity was often markedly increased by secondary in vitro re-

stimulation. Lysis was observed only on DNP-modified cells. Between

certain donors total self-restriction of cytotoxic activity was observed

(i.e. lysis was observed on the autologous but not the allogeneic target).

Between other donors, partial cross reactivity was observed in the DNP-

dependent lysis. This self-specificity is consistent with effector cell

recognition of DNP in association with polymorphic cell surface antigens

most likely those coded for by HLA-linked genes. Such findings may be

significant for understanding the pathogenesis of contact sensitivity, in

vitro screening for contact sensitizers, and of potential practical bene-

fit for predicting the immunotherapeutic value of various haptens in the

treatment of cancer.

31) In collaboration with Dr. Gary Peck and others in the dermatology

branch, we have found a promising method for treatment of some skin cancers

with 13-cis retinoic acid.

32) We have found a T cell maturation defect in the cancer prone immuno-

deficiency disorder Ataxia-Telangiectasia. The defect is detectable in

some heterozygotes suggesting we are approaching the cite of gene action.
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33) We have conceptually integrated the requirement for histocompatibility
factors in cellular immune recognition with the concept of immune response

(IR) gene effects and provided and published a significant amount of

data bearing on this hypothesis.

Significance to Biomedical Research and the Program of the Institute :

The lymphocyte is a cell involved in immune reactions which may be opera-

tive in the immune response to neoplastic tissue. Our studies concerned

with blastogenesis and the control oj, cell division and differentiation

of the lymphocyte may elucidate the cell's normal and abnormal functions

in the immune response involved in the host's defense against cancer.

These studies should also provide information concerning the control of

cell differentiation and division.

Proposed Course of Project :

Because of our success in defining the requirements for histocompatibility

factors required for clonal activation of lymphocytes and selective de-

fects in the cancer prone thymic immunodeficiency disorder Ataxia-Telan-
giectasia we plan on further escalation of both the basic nature of human

immune responsiveness and relationships to certain clinical disease

states. Some of our basic studies, e.g. on the effects of 13-cis Reti-

noic acid or T cell differentiation may also have potential therapeutic

application for cancer immunotherapy as well as effects in some immuno-

deficiency disorders such as Ataxia-Telangiectasia. Techniques for a

more quantitative assessment of lymphocyte clonal responsiveness on both

the afferent and efferent limb are required and already being developed.

Publications :

1. Dattner, A.M. and Levis, W.R. : Clonal priming of human lymphocytes

with soluble microbial antigens: High dose. Paralysis, Restoration, and

Autologous Leukocyte Preference. Scand. J. Immunol . 8: 403-412, 1978.

2. Levis, W.R. and Dattner, A.M.: Clonal priming measures the scope of

individual genetically determined immune responsiveness. (Letter)

N. Engl. J. Med . 298 : 515, 1978.

3. Levis, W.R., Lincoln, P.M. and Dattner, A.M.: Sperm-Induced lympho-

cyte activation. (Letter) Lancet i : 937-938, 1978.

4. Levis, W.R., Lincoln, P.M. and Dattner, A.M.: Effect of ultraviolet

light on dinitrochlorobenzenespecif ic antigen presenting function. J.

Immunol . 121: 1496-1500, 1978.

5. Levis, W.R., Dattner, A.M. and Shaw, J.S.: Selective defects in T cell

function in Ataxia-Telangiectasia.
_
(In press) Clin. & Exp. Immunol.
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6. Shaw, S., Levis, W.R., Dattner, A.M., Shearex,. G.M.: Specificity of
human cytotoxic responses. Transpl. Proc. 10 : 937-941, 1978.

7. Levis, W.R., Dattner, A.M.: HLA-D on sperm is resistant to ultra-
violet light and cross reacts with leukocyte HLA-D. J. Immunol (In Press)
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Project Description:

Objectives :

To discover and develop new methods and intrepretive criteria for the

application of SEM to a wide variety of soft biological tissues, and
thereby capitalize on the unique capabilities of this instrument in

providing 1) imporved survey and sampling as an adjunct to other studies,

2) an unparalleled three-dimensional, experimental view of cell form and

surface phenomena, and 3) an unusual potential for cytochemical studies.

We have been specifically concerned with: 1) the availability of

established methods from other labs which could be used in conjunction
with the SEM; 2) the application of "direct immunocytochemical labeling
methods in the SEM; 3) the use of the NIH central computer facility for

SEM data processing and manuscript preparation; and 4) the application
of deembedding methods for study of the same tissues by SEM, TEM, and LM.

The Objective and Approach of the National Cancer Plan that this project
most closely supports is 3.5: Study cell surface and cell membranes.

Methods Employed :

1) An exhaustive literature search has been undertaken to identify, pub-
lished methods used in conjunction with SEM.

2) Monolayer cultures of mouse L cell fibroblast line CUD were labeled
by the indirect method with hemocyanin (Hey) conjugated antibodies against

antisera proven specific for H-2 and teratoma-def ined antigens - including

appropriate controls.

3) Two of us (Bruce Wetzel and Esther M. Kendig) have taught ourselves
to use WYLBUR for text editing and preparation via a video terminal.

4) We have settled on solvent deembedding methods (over sodium methoxide,
for example) to remove cured epoxy resin from blocks and thick sections of

mammalian tissues which had been prepared for TEM.

Major Findings :

1) An account of available ancillary methods for SEM revealed virtually
unlimited means for validating observations made by SEM, and this material
was used as tutorial to promote more critical work.

2) Cells labeled for teratoma-defined antigen displayed an even distri-
bution of Hey particles over the surface of cell body and the microvilli
whereas the particles were generally restricted to the cell body, sparing
the microvilli, on cells labeled for H-2 antigen. This differential
distribution of label implies a structure-related difference in the inci-
dence or in the expression of these two antigens. The possibility of

ligand-induced redistribution of H-2 antigen is unlikely, but has not
been excluded.
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3) Several manuscripts have been prepared with "computer assistance.

4) Solvent deembedding has provided clean unperturbed samples for SEM
of natural surfaces occurring within solid tissues. The same tissue
structures can be identified in complementary adjacent thick or thin
sections examined by LM or TEM respectively.

Significance to Cancer Research :

SEM reveals fine surface structure with unparalleled three-dimensionality,
depth of field, and sampling capability. As this approach is adapted
to biological problems through experience with diverse tissues, cellular
form, surface details and interactions can be better interpreted in normal
and malignant tissues, as well as in experimental systems which help de-
fine immune responses, differentiation, and other processes fundamental
to oncogenesis and its control. The tissue culture studies directly elu-
cidate new aspects of tumor cell biology and transformation.

Proposed Course of Project :

1) The most promising of these methods will be applied, and the compen-
dium will be updated periodically.

2) This method will now be applied in vivo to monitor the appearance and
distribution of these antigens during embryonic development.

3) Data processing techniques will be learned and applied.

4) Mapping procedures are being developed to enable routine application
of this method to solid tissues.

To further develop and refine techniques of specimen preparation, analysis,
and interpretation for SEM will be the goal of continuing work with a
wide variety of tissues, experimental approaches, and instrumentation.
Special emphasis will be accorded a search for novel cytochemical methods,
especially with labels visualized in the backscatter mode, which are
uniquely possible for this tool. Further collaboration in SEM, TEM and
cytochemical studifes of skin is under way with investigators in this branch
and elsewhere.

Publications :

1. Albrecht , R. and Wetzel, B. : Ancillary methods for biological bio-
logical SEM. In Scanning Electron Microscopy/1979 , (Johari, 0., and
Becker, R. , Eds.), Scanning Electron Microscopy , Inc., AMF O'Hare, IL

,

3_: 203-222, 1979.

2. Ostrand-Rosenberg, S., Edidin, M. , and Wetzel, B. : Differential lo-
calization of H-2- and teratoma-def ined antigens on mouse L cell fibro-
blasts. Scanning Electron Microscopy/1979

, (Johari, 0., and Becker, R.

,

Eds.), Scanning Electron Microscopy , Inc., AMF O'Hare, IL, 3_= 595-600,
and 3_: 548, 1979.
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3. Tralka, T.S., Rosen, S.W., Weintraub, B.D. _Lieblich, J.M., Engel,

L.W., Wetzel, B., Kingsbury, E.W. and Rabson, A.S.: Ultrastructural
concomitants of sodium butyrate-enhanced ectopic production of chorionic
gonadotropin and its alpha subunit in human bronchogenic carcinoma

(CHaGo) cells. J. Natl. Cancer Inst. 62: 45-61, 1979.
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tin polypeptide subunits of abnormal and malignant human epidermis are different
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Project Description:

Objectives :

1) To characterize the ultrastructure of keratin filaments polymerized

in vitro from the subunits of the filaments isolated form normal human,

murine and bovine epidermis.

2) To characterize the polypeptide subunits of keratin filaments isola-

ted from various benign and malignant human and mouse epidermal diseases.

3) To investigate the biosynthesis of the keratin filament polypeptide

subunits in cultures of normal mouse epidermal cells and to investigate
the effects of various drugs and carcinogens on the cells.

4) To investigate the nature of the highly-specific interaction between
epidermal keratin filaments and a histidine-rich basic protein isolated
from the epidermis.

5) To investigate the chemical, immunological and structural similarities

between epidermal keratin filaments and lOnm filaments isolated from a

variety of cell types, such as BHK-21 and PtKl cells, grown in culture.

Major Findings and Methods Employed :

1) The polypeptide chains which comprise the subunits of the keratin
filaments of normal bovine and murine epidermis have been isolated and

individually characterized by standard protein chemical techniques. The
unfractionated mixture of polypeptides or combinations of two of the

purified polypeptides spontaneously polymerize in vitro in dilute salt

solution into filaments that are uniformally 80 A wide and up to 40 um

long. The polypeptide composition of tjiese filaments, and their structure,

based on electron microscopy and X-ray diffraction, are the same as the

in situ keratin filaments. The stoichiometry of the recombination experi-

ments reveals that the polypeptides are present in the filaments in the

precise molar ratios of 1:2. This suggests that the epidermal keratin

filament has a three-chained unit structure and this is supported by the

X-ray diffraction analyses.

2) The X-ray diffraction data implies the filaments contain regions of

coiled-coil a-helix. These regions have been isolated by selective diges-

tion with trypsin and appear in two forms: All of the helix of the fila-

ments can be accounted for by (a) particles 20A X 180A, 95% a-helix, of

40,000 molecular weight, which can be denatured with SDS into chains of

about 14,000 molecular weight. Therefore the a-helix of the filaments

consists of discrete regions 180A long of triple chain coiled-coil a-helix.

(b) particles present during the early stages of digestion are 20A x 400A,

75% a-helix, of 110,000 molecular weight and can be denatured with SDS into

chains of about 35,000 molecular weight-. End-terminal analyses indicate

that this consists of two helical regions of (a) separated by about 40A

of non-helix. This fragment constitutes the major portion of and contains

all of the a-helix of the triple-chain structural unit of the filaments.
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The properties and structure of these fragments provide information on

the alignment of the polypeptides in the structural unit. The structural
unit is 20A wide by about 500A long and consists of three filament sub-

units aligned side-by-side with two a-helical segments interspersed by
regions of non-helix.

3) Having presented a model for the structure of the basic repeating
unit of the epidermal keratin filament, further studies on the ultrastruc-
ture of the filament have followed two different but complimentary direc-
tions. Only the bovine system has lieen studied because of the adequate

availability of protein. (a) Details of the primary structure of selected
filament subunits will provide information on how the tinit structure forms

and aggregate to form the f ilament . _. The a-helical particles as well as

peptides derived on cleavage of intact subunits with NBS and CNBr are

being characterized; the former will be located along the subunits follow-

ing ordering of the NBS and CNBr peptides. (b) Higher orders of filament

structure are being investigated by studying the mechanism of filament

assembly. Polymerization is time and protein concentration dependent and

follows an ordered biphasic cooperative process. This involves the ini-

tial rate-limited formation of a "nuclear" particle followed by a rapid

aggregation of it into filaments. The nuclear particle is a hexamer, as

determined by mathematical models of light-scattering data, and probably

consists of a pair of triple chain structural units and may be a structural

"building block" of the filament. In support of this filament assembly
appears in the electron microscope to involve (i) formation of 20A wide

particles which may correspond to the structural unit or hexamer; (ii)

apparent twisting of these to form short filaments about 80A wide; and

(iii) apparent end-to-end joining of these to form long filaments. De-

tailed studies attempting to define the assembly process and hence fila-

ment ultrastructure are underway.

4) High resolution transmission electron microscopy of sections through

normal murine epidermis, and the outer-root-sheath component of guinea

pig hair follicles (which is contiguous to and continuous with the epider-

mis) is being employed to study the structure of keratin filaments in

Intact tissue. In transverse cross-section, the filaments appear annular,

that is, have a region of reduced density in their center. Similar micro-

scopic sections of filaments polymerized in vitro demonstrate this appear-

ance also. In addition, polymerized filaments negatively-stained with

neutralized phosphotungstlc acid display a region of enhanced electron

density in their centers. These observations suggest the filament Is

tubular in structure. Further detailed electron microscopic data is re-

quired to establish this concept fully.

5) Comparisons of the polyacrylamide-gel electrophoretlc profiles of the

keratin subunits obtained from abnormal human epidermis such as Darier's

disease and lamellar Ichthyosis with those of normal epidermis show promi-

nent differences in numbers and mobilities of bands. Also, the abnormal

polypeptides show limited facility for polymerization in vitro. There-

fore, there may be differences in the chemical structures of the proteins.

Attempts are underway to identify such differences by comparisons of two-
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dimensional gel electrophoretic maps of the CNBi:_and NBS peptides of the

proteins obtained from normal and abnormal epidermis.

6) Normal mouse epidermal cells grown in monolayer culture can be made

to synthesize the normal complement of keratin polypeptides. These pro-
teins have been isolated and characterized by standard protein chemical
techniques as done earlier with the bovine proteins. The reason why the

mouse keratins are also being studied is that this cell culture system
is currently being used for studies of in vitro carcinogenesis. The

modulations of normal functions of rtiese cells by carcinogens during

transformation are being studied. Since the keratins are the principal
synthetic products of the cells, they will be used as' specific markers
for the studies on carcinogenesis. -To- this end, specific antibodies to

the keratins have been produced with the aim of generating a specific
radioimmune assay to follow the changes occuring during carcinogenesis.

7) The synthesis of the keratin filament subunits by the mouse epidermal
cells implies the presence within the cells of the complete protein bio-
synthetic apparatus, and this system is therefore potentially very useful

for studying control of differentiation in the epidermis. This is of im-

portance as there are a number of diseases of the epidermis which may be

attributed to disorders of the differentiative process of the tissue.

Polyribosomes of the size necessary to synthesize the keratins can be

isolated and attempts are underway to isolate the messenger RNA responsible
for their synthesis.

8) In collaboration with Dr. R.D. Goldman, Carnegie-Mellon University,
Pittsburgh, it has been shown that the lOnm filaments of a variety of epi-
thelial and mesenchymal cell-types grown in culture have the same struc-

ture as epidermal keratin filaments. Further chemical and structural
studies will be confined to the filaments of BHK-21 cells since these are

readily available in large quantities. ' The apparent ubiquity of the kera-
tin-like filaments in many if not all eukaryote cell-types indicates that

they are extremely important in the function of cells. The structural
studies will provide insights into this phenomenon.

9) In collaboration with Dr. B.A. Dale, University of Washington, Seattle,

it has been shown that a histidine-rich protein isolated from rat epider-

mis specifically aggregates epidermal keratin filaments from several spe-
cies in vitro to form a highly-ordered fiber. Electron microscopy of

such fibers reveals a pattern of filaments 70-80 A in diameter embedded
in a darker-staining background, or matrix. This structure is typical of

the "keratin pattern" seen in the fully-differentiated stratum corneum of

the epidermis. This suggests strongly that the basic protein is the

matrix protein of epidermis. Our work constitutes the first real evidence

for and demonstration of the role of a matrix protein in the epidermis.
The interaction between the basic protein and filaments is highly specific
since similar structural proteins do not form the ordered structures.
Therefore, there are structural features unique to keratin filaments which
recognize the basic protein. Detailed studies on the interaction between
the basic protein and defined fragments of filaments and filament subunits
(identified in paragraphs 2 and 3 above) are underway to characterize the
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nature and specificity of the associations between these two components
in the epidermis. Interestingly, in certain diseases of the epidermis
involving abnormal keratinization, such as psoriasis, the amount of the

basic protein is greatly diminished from normal. There may be a rela-
tionship between the absence of the basic protein and presence of ab-
normal keratin filaments which could provide important information on the

disease itself.

Significance to Cancer Research :

The epidermis offers a unique opportunity for the study of tumors not
only because of the quantitative importance of this tissue but also be-
cause of its accessibility. One of^tHe major problems in studying malig-
nancies of the epidermis has been the lack of suitable biochemical markers.
The keratin filaments are the most prominent intracellular components of

all epidermal cells and therefore a study of their chemistry, structure
and biosynthesis in both normal and abnormal epidermis will be of pro-
found importance in studying tumors in this tissue. The production of

the keratin subunits in a well defined cell culture system will facilitate
studies of carcinogenesis in vitro.

Proposed Course of Project :

Studies on the abnormal (benign and malignant) tissues will be done in

collaboration with Dr. Gary Peck. The cell culture studies will be done
in the Experimental Pathology Branch in collaboration with Dr. Stuart
Yuspa. The biochemical, biophysical and electron microscopic studies of

the structure of normal epidermal keratin filaments will be done in this

laboratory. Collaborative efforts with Drs. R.D. Goldman and B.A. Dale
will continue in the areas defined above.

Publications :

1. Steinert, P.M.: Structure of the three-chain unit of the bovine epi-
dermal keratin filament. J. Mol. Biol . 123 , 49-70 (1978).

2. Dale, B.A., Holbrook, K.A. and Steinert, P.M.: Assembly of stratum
corneum basic protein and keratin filaments in macrofibrils . Nature
276 , 729-731 (1978).

3. Steinert, P.M., Dale, B.A. and Holbrook, K.A. : An epidermal matrix
protein. In Fibrous Proteins : Scientific , Industrial and Medical Aspects ,

(Parry, D.A.D. and Creamer, L.K. , eds.) Academic Press (London), In press,

1979.

4. Steinert, P.M., Zimmerman, W.W. , Goldman, R.D. and Stanger, J. A.:

Ten-nanometer filaments of hamster BHK-21 cells and epidermal keratin fil-

aments have similar structures. Prbc. -Natl. Acad. Sci., U.S. 75 , 6098-

6101 (1978).

5. Steinert, P.M., Goldman, R.D. and Stanger, J. A.: Homologous structures
of lOnm filaments and mammalian keratin filaments. In Fibrous Proteins:
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Scientific, Industrial and Medical Aspects ; (Parry, D.A.D. and Creamer,

L.K., eds.). Academic Press Inc. (London), In press, 1979.

6. Steinert, P. II.: Structural features of theX-type filaments of the

inner root sheath of the guinea pig hair follicle. Biochemistry 17 ,

5045-5052 (1978).

7. Steinert, P.M., Idler, W.W. , Poirier, M.C., Yoichi, K. , Stoner, G.D.

and Yuspa, S.H.: Subunit structure of the mouse epidermal keratin fila-

ment. Biochim. Biophys. Acta 577 , Ll-21 (1979).
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pemphigoid and dermatitis herpetiformis are blistering skin diseases all of which
are associated with so-called autoimmune phenomena. We have identified and char-
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structural localization of antibodies. Gastrointestinal abnormalities, similar
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and are under active study. Immunogenetic considerations with regard to HLA
associations and the identification of specific B-lymphocyte antigens have pro-

vided tools to study the triggering mechanisms involved in the early stages of an

abnormal immune response. Another major effort is the study of the role of Lan-

gerhans cells in inflammatory and immunologically mediated reactions. We have

also sought the origin of this cell which probably represents the peripheral most

limb of the immune response in the skin. Alterations in collagen synthesis in

inflammatory disease and identification and functional characterization of allo-

antigens on epidermal cells are other integral parts of the overall program.
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Project Description:

Objectives :

1) To investigate the mechanisms involved in the expression of certain
immunologic skin diseases, namely pemphigus, bullous pemphigoid, derma-
titis herpetiformis and herpes gestationis.

2) To determine the cell surface characteristics of the lymphocytes and
epidermal cells involved in these diseases.

3) To determine whether or not genetic factors are important in the de-
velopments of these diseases. ''

4) To determine the ultrastructure and ultrastructural localization of
antibodies in blistering skin diseases.

5) To better understand the distribution of collagen types in human skin.

6) To determine the functional capabilities of la-bearing epidermal cells
(Langerhans cells) in mice, guinea pigs, and humans.

7) To determine the origin of Langerhans cells.

Material :

Skin biopsies, either punch of Castroviejo keratome slices will be used.
Also the small intestine of patients with dermatitis herpetiformis will
be studied in order to determine their binding characteristics. Blister
fluid studies for inflammatory mediators are also under investigation.
Guinea pigs, mice and rabbits are used for the identification of lympho-
cyte and epidermal cell surface antigens as well as for the production of

antibodies.

Methods Employed :

Direct and Indirect Immunofluorescence, Cell Mediated Cytotoxicity, Im-
munochemical methods for identifying immunoglobulins and immune complexes.
Radioimmunoassays. Mixed leukocyte cultures and in vitro antigen priming
studies. Delayed type hypersensitivity reactions.

Major Findings :

1) All of 51 patients with dermatitis herpetiformis have in vivo bound
IgA and various complement components in their skin.

2) The exact location of these antibodies has been sought and found to

localize ultrastructurally in 1) clumps in the dermis, 2) associated with
anchoring fibrils in the dermis or 3) along the lamina lucida of the

basement membrane.
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3) The early ultrastructural destruction of th^_skin in these patients

has been demonstrated to correlate well with the antibody localization.

4) Almost all patients with dermatitis herpetifonnis have morphologic

and enzymatic evidence of gastrointestinal abnormalities very similar to

those seen in patients with gluten-sensitive enteropathy.

5) In some patients it is possible to not only reverse the gastrointes-

tinal abnormalities but to reduce or completely eliminate their require-

ment for sulfones by strict adherence to a gluten-free diet.

6) 85% of 51 patients with immunologically proven dermatitis herpeti-

formis have HLA-B8 as compared to 20%-of controls.

7) All patients with dermatitis herpetiformis have a specific antigen

on their B-lymphocytes . This antigen is present in a small percentage

of the normal population.

8) Sulfones dramatically benefit patients with erythema elevatum diu-

tinum.

9) By studying twelve patients with herpes gestationis with immunologic

methods we have been able to identify the serum factor responsible for

deposition complement at the skin basement membrane zone, the site of

earliest destruction. Also, by reviewing our own and other reports, it

is apparent that herpes gestationis is associated with increased fetal

morbidity and mortality.

10) Ultrastructural localization of complement correlates well with the

earliest destruction seen in the electron microscope in herpes gestationis

and further strengthens the concept that immunologic mechanisms play an

important, if not essential, role in the pathophysiology of this disease.

11) The sera of patients with vitiligo associated with multiple endo-

crinopathies contain antibodies to melanin producing cells.

12) Langerhans cells which comprise a small population of guinea pig

epidermal cells, bear C3 and Fc receptors as well as alloantigens which

are la associated. The la antigens can be detected by using a technique

which has been refined by us.

13) Langerhans cells have the ability to stimulate a mixed leukocyte

reaction and have the capability to present antigen to sensitized lym-

phocytes .

14) The sera of most patients with Sjogrens syndrome contain large

amounts of circulating immune complexes which are distinct from rheuma-

toid factor.

15) The sera of patients with relapsing polychondritis contain anti-

bodies to type II collagen.
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16) Type IV collagen is localized to the basal J^amina of skin.

17) Laminin, a non collagenous glycoprotein, is localized to the lamina
lucida of the basement membrane.

18) Langerhans cells are the only epidermal cells in mice to bear Fc-IgG
receptors and express la antigens.

19) Langerhans cells are derived from bone marrow precursor cells.

Significance to Cancer Research :
'/

A basic understanding of immunologic—injury in various autoimmune disease
states is important in interpreting and further current concepts in self-
recognition. Pemphigus is associated with thymoma and myasthemia gravis
and its study may provide a clue as to the association between pemphigus
and other malignancies. Our in depth studies of herpes gestationis, an
immunologic blistering disease of pregnancy, may provide important clues
to maternal-fetal interactions.

Proposed Course of Project :

Outlined above.

Publications ;

1) Foidart, J.M., Hall, R. , Martin, G. , Katz, S.I. Immunity to type
II collagen in relapsing polychondritis. In Arthritis, Immunity and
Aging. Raven Press 1979 (In press)

.

2) Katz, S.I. and Lawley, T.J.: Erythema Elevatum Diutinum in Vascu-
litis, Wolff, K. Winkelman, R. (Eds) Lloyd Luke Ltd. 1979 (In press).

3) Tamaki, K. , STingl, G. , Katz, S.I.: The Distribution and Function
of Immunogenetic Markers on epidermal cells in the Epidermis in Health
and Disease edited by R. Marks (In press)

.

4) Stingl, G., Katz, S.I., Shevach, E.M., Clement, L.., Green, I. and
Mann, D.L. Immunogenetical Markers on epidermal cells in Immune mecha-
nisms in Skin Disease edited by J. Thivolet.

5) Katz, S. New aspects of delayed hypersensitivity in Cutaneous
Toxicity ill by Drill, V. et al (In press) .

6) Murray, J.C, Stingl, G. , Kleinman, H.K. , Martin, G.R., Katz, S.I.:
Epidermal cells adhere preferentially to type IV (basement membrane)
collagen. J. Cell Biology 197-202.

7) Stingl, G., Katz, S.I., Clement, L. , Green, I., Shevach, E.M.:
Immunological functions of la-bearing epidermal Langerhans cells. J^.

Immunology 121 : 2005-2013, 1978.
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8) Foidart, J.M., Abe, S., Martin, G.R. , Zizic, T.M., Barnett, E.V.,
Lawley, T.J., and Katz, S.I.: Antibodies to type II collagen in relapsing
Polychondritis. New Engl. J. Med . 299 : 1203-1207, 1978.

9) Katz, S.I.: Leukocytoclastic vasculitis. Amer. J. Dermpath . (In
press)

.

10) Lawley, T.J., Hertz, K.C., Wade, T., Ackerman, A.B., and Katz, S.I.:
Pruritic urticarial papules and plaques of pregnancy. JAMA (In press).

11) Foidart, J.M., Katz, S.I.: Immunopathologic Studies in relapsing
polychondritis. American J. of Dermat-opathology (In press) .

12) Yaoita, H. : Identification of IgA binding structures in skin of
patients with dermatitis herpetiformis. J. Invest. Dermatol . 71: 213-

216, 1978.

13) Lawley, T.J., Strober, W. , Yaoita, H. , Katz, S.I.: Small intestinal
biopsies and HLA types in dermatitis herpetiformis patients with granular
and linear IgG skin deposits. J^. Invest . Derm . (In press).

14) Goodenberger, D.M., Lawley, T. J. , Strober, W. , Wyatt, L., Sangree,
M.H. , Sherwin, R. , Rosenbaum, H. , Braverman, I., Katz, S.I.: Necralytic
Migratory erytherma without gluconoma (In press) Arch . Dermatol , 1979.

15) Tamaki, K. , Stingl, G. , Gullino, M., Sachs, D., Katz, S.I.: la
antigens in Mouse Skin are predominantly expressed on Langerhans cells.
J^. Immunol . (In press), 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

Oral 13-cis-retinoic acid was effective in the treatment of skin cancer ,

and a variety of disorders of keratinization (lamellar ichthyosis , Darier's

disease, pityriasis rubra pilaris ) , and cystic acne . An oral synthetic aro-

matic derivative of retinoic acid (RO-10-9359) was similarly tested and found

to be more effective and less toxic than 13-cis-retinoic acid in the treatment

of the disorders of keratinization.
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Project Description: ^~'

Objectives :

To evaluate safety and effectiveness of new oral and topical agents par-
ticularly the synthetic retinoids, in the treatment of skin cancer, dis-
orders of keratinization and cystic acne.

i

Agents :

1) 13-cis retinoic acid, 10, 20 and 40 mg capsules y
2) An ethyl ester of a trimethylmethoxyphenyl derivative of retinoic
acid (RO-10-9359) 10, 25 and 50 rag capsules.
3) An ethylamide of a tremethylmethoxyphenyl derivative of retinoic
acid (RO-11-1430) in a 0.10% cream

Materials :

1) Keratinizing Dermatoses

A Ichthyosis
a) lamellar ichthyosis
b) X-linked ichthyosis
c) ichthyosis vulgaris
d) epidermolytic hyperkeratosis
e) non-bullous congenital ichthyosiform erythroderma

B Darier's disease
C Psoriasis
D Keratoderma palmaris et plantaris
E Pityriasis rubra pilaris
F Nevus comedonicus
G Erythrokeratodermia variabilis
H Netherton's syndrome
I Hailey-Hailey disease
J Lichen planus
K Pachyonychia congenita

2) Basal cell carcinoma

A Nevoid basal cell carcinoma syndrome
B Sunlight induced basal cell carcinomas
C Arsenical induced basal cell carcinomas
D X-ray induced carcinomas

3) Cystic and Conglobate acne and hidradenitis suppuritiva

Methods Employed :

1) Disorders of Keratinization
a) Oral 13-cis retinoic acid was given for 4 month courses of therapy
at 1 mg/kg/day. The dose was gradually increased (up to 8 mg/kg/day)
to tolerance. ngg
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b) Oral RO-10-9359 was also given for 4 montb courses of therapy

beginning at 0.5 mg/kg/day. The dose was increased up to 1.5 mg/kg/

day or to tolerance.

2) Multiple Basal Cell Carcinomas

a) Oral 13-cis retinoic acid was given for 4 month courses of therapy

at 1 mg/kg/day. The dose was gradually increased (up to 8 mg/kg/day)

to tolerance.
b) Oral RO-10-9359 was also given for 4 month courses of therapy

beginning at 0.5 mg/kg/day. The'dose was increased up to 1.5 mg/kg/

day or to tolerance. '/

3) Cystic acne .

_._..•
a) Patients, 16 years and older, with at least 10 cystic lesions were

treated with oral 13-cis retinoic acid in an initial pilot study

(14 patients) or in a double-blind, randomized study against plucebo

(33 patients)

.

b) In the pilot study Oral 13-cis retinoic acid was given for 4 month

courses of therapy at 1 mg/kg/day. The dose was gradually increased

to tolerance.
c) In the double-blind designed protocol, treatment was begun at a

dosage of 0.5 mg/kg/day and was only increased if there was a sig-

nificant worsening of the disease.

Maj or Findings :

1. 14 patients with treatment-resistant cystic and conglobate acne was

treated for 4 months with oral 13-cis-retinoic acid, a synthetic isomer

of naturally occurring all-trans-retinoic acid. The average maximum dose

received was 2.0 mg/kg/day. 13 patients experienced complete clearing of

their disease; the other had 75% improvement, as determined by the number

of acne nodules and cysts present before and after therapy. Prolonged

remissions, currently lasting an average of 24 months after discontinua-

tion of therapy, have been observed in all 14 patients. One patient de-

veloped 2 lesions 12 months after discontinuation of therapy. Therapy

was resumed in his case and he is once again free of disease. No other

patient has required or been given additional therapy. The mechanism of

action of 13-cis-RA in the therapy of acne probably involves a direct in-

hibitory effect of the drug on the sebaceous gland. Evidence for this

inhibitory effect comes from 3 skin biopsies of forehead skin during

therapy which demonstrated a marked reduction in size of the sebaceous

gland, and from forehead skin surface lipid film analyses which indicated

sebaceous gland inhibition by significantly lower levels of squalene and

wax esters during therapy. Additionally, there was an average 84% de-

crease in mean forehead sebum production as compared to pre-treatment

values. There was a complete return to pre-treatment values after dis-

continuation of therapy in the sebum composition studies but only a

patrial return to normal of sebum prroduction.
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2. A study comparing 13-cis-RA at an initial dQ£.e of 0.5 mg/kg/day ver-
sus placebo in a double-blind format in the treatment of cystic and con-

globate acne has been completed. 17 patients who initially received

placebo worsened to the point where the double-blind code was broken and

treatment with 13-cis-RA was begun. There was an overall 57% increase in

the number of cystic lesions in this group. 16 of these 17 patients then

received 13-cis-RA with a resultant 97% improvement. An additional 17

patients who had been randomly assigned to receive initial therapy with
13-cis-RA had an overall 91% reduction in number of nodules and cysts.

There were an average of 46 nodules-and cysts before treatment, and 2

afterwards. The average maximum dose of 13-cis-RA received by all 33

patients was 1.2 mg/kg/day, or 90 mg/day. 22 of the 33 patients have

become completely free of lesions and—only 2 patients have more than 3

lesions remaining. Patients who responded rapidly to a low dose were pre-

dominantly female, with facial lesions, and with an average of 27 cysts

pretreatment . Slower responders requiring higher doses were predominantly

male, with chest and back lesions, and with an average of 67 cysts pre-

treatment. 22 patients received one 4-month course of therapy; 11 recei-

ved 2 courses after a 2-month treatment-free interval. 3 patients who

had cleared completely after one course of therapy with 13-cis-RA had mild

relapses after an average of 6 months post-discontinuation. All 3 patients

had received only 0.5 mg/kg/day during their initial course of therapy, and

all cleared completely with their second course. All other patients con-

tinue to have prolonged remissions ranging from one to 12 months, average

of 7. These results indicate that the beneficial therapeutic response is

not a placebo effect, that 0.5 mg/kg/day is an effective dose particularly

for facial lesions and is also productive of the common side effects.

Higher doses are frequently required for control of chest and back lesions.

Continued healing after discontinuation of therapy indicates that lower

doses or alternate dosage schedules may also be effective.

3. 12 patients with multiple basal cell carcinomal induced by sunlight.

X-ray, arsenic, or the nevoid basal cell carcinoma syndrome were treated

with oral 13-cis-retinoic acid. Of 270 tumors, 43 (16%) underwent com-

plete clinical regression. Twenty-one of 35 of these tumors when biop-

sied after treatment were found to be gone microscopically as well.

Correlation of therapeutic response with tumor size revealed that 19 of

83 (23%) tumors 3-5 mm in diameter and 18 of 99 (18%) tumors 6 to 10 mm

in diameter underwent complete clinical regression, whereas only 6 of 88

(7%) tumors 11 mm or greater in diameter responded completely. Of the

remaining tumors, 173 (64%) decreased in size and 54 (20%) were unchanged.

Average maximum dosage in this group of 12 patients was 4.6 mg/kg/day

with a range of 1.5 to 8.2 or 370 mg/day with a range of 120 to 660 mg/day.

Duration of treatment varied from 16 to 54 weeks with an average of 33.

3 patients received this medication in one course of therapy, six re-

ceived two, 3 received three. Four patients had been sensitized and

treated with DNCB six years previously. Three of these 4 patients devel-

oped a marked inflammatory response in most tumors during therapy with

oral 13-cis-retinoic acid. Two of the other 8 non-DNCB exposed patients

developed inflammation in a few of their tumors. However, there was no

difference in the final therapeutic response between these two subgroups

with 21/109 (19%) tumors completely regressing in the DNCB treated group
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and 22/161 (14%) in the DNCB unexposed group. Histologically, a dense

small cell infiltrate was seen in tumors undergoing inflammation, sug-

gesting that 13-cis-RA could either be enhancing a host immunologic re-

sponse or be producing a direct cytotoxic effect on the tumor. However,

in 7 of 17 (41%) non-inflammatory regressing tumors biopsied during

treatment islands of squamous differentiation with horn pearl formation

were observed with progression in some islands to complete replacement of

tumor cells by the completely differentiated horn pearl. In tumors biop-

sied prior to treatment, only 14 or 85 (16%) showed evidence of keratin-
ization. This data is consistent with an enhancement of epidermal differ-

entiation by 13-cis-RA..

4. 57 patients with cutaneous disorders of keratinization were treated

with oral 13-cis-retinoic acid, an oral synthetic retinoid from Hoffman-

La Roche, Inc., Nutley, New Jersey. Diseases included Darier's disease

(DD) (9 patients) , lamellar ichthyosis (LI) (10) , psoriasis (PSOR) (9)

,

pityriasis rubra pilaris (PRP) (5) , keratoderma palmaris et plantaris

(KPP) (4) , epidermolytic hyperkeratosis (EHK) (4) , non-bullous congenital

ichthyosiform erythroderma (NBCIE) (3) , x-linked ichthyosis (XLI) (3)

,

Hailey-Hailey (HH) (2) , lichen planus (LP) (2) , and 1 each with a variant

form of NBCIE, erythrokeratodermia variabilis (EKV) ,
pachyonychia congen-

ita (PC), ichthyosis vulgaris (IV), Netherton's syndrome (NS) , and

porokeratosis (PORO) . The patients ranged in age from 4 to 82 years.

The dosage varied from 0.5 to 8.2 mg/kg/day, and the duration of treatment

varied from 1 week to 96 weeks. The average maximum dosage was 160 mg/day

or 2 mg/kg/day. Treatment was given in 16 week courses of therapy with

intervening 8 week treatment-free intervals. Good or excellent responses

were seen in DD (7), LI (8), NBCIE (3), PSOR (4), KPP (2), EKV (1), and

IV (1) . Partial responses were observed in EHK (3) , PRP (2) , LI (1) , DD

(2), KPP (1), PC (1), variant-NBCIE (1). Patients showing minimal or no

response included: PSOR (5), XLI (3), LP (2), HH (2), NS (1), EHK (1),

PRP (1) , KPP (1) . One patient with PORQ and one with LI stopped treat-

ment within one week before a therapeutic evaluation could be made. The

mechanism by which this synthetic retinoid alters these disease states

is not known but may be related to the observed ability of vitamin A to

affect epithelial differentiation. The observed variation in therapeutic

response could be related to the presence or absence of specific retinoid

binding proteins. Our results indicate that synthetic retinoids, such as

13-cis-RA., may represent a potent new class of drugs in the treatment of

cutaneous disorders of keratinization, several of which were previously

treatment-resistant

.

5. 75 patients with cutaneous disorders of keratinization were treated

with Ro-10-9359, an oral synthetic aromatic retinoid from Hoffman-La

Roche, Inc., Nutley, New Jersey. This retinoid is an ethyl ester of a

trimethyl-methoxyphenyl derivative of retinoic acid. Diseases included

DD (18), PSOR (23), PRP (10), LI (6), EHK (4), IV (3), KPP (2), variant-
NBCIE (2), NBCIE (1), Kyrle's disease (1), PC (1), HH (1), PORO (1), and

LP (1). The average maximum dosage was 86 mg/day or 1.2 mg/kg/day.
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Treatment was given in 16 week, courses of therapy with 8 week treatment-
free intervals. Good or excellent responses were seen in PSOR (8), DD
(7), PRP (4), LI (3), IV (2), KPP (1), NBCIE (1), and EKV (1). Moderate
responses included: PSOR (15), DD (11), PRP (6), LI (3), EHK (4), IV

(1), KPP (1), variant-NBCIE (2), and Kyrle's (1). Minimal responses were
noted in one patient with PORO, the lingual lesions of PC (1), and the
oral lesions of LP (1) . Worsening was observed in HH (1) . Response to

therapy was initially variable in psoriasis. 12 patients worsened for

8, 12, or even 16 weeks of therapy artd then improved; 11 other patients
with psoriasis improved immediately. All other patieats with responsive
diseases improved immediately upon beginning therapy. Ro-10-9359 is
clearly superior to 13-cis-retinoic~aCid in the treatment of psoriasis,
IV, KPP, and EHK.

6. Common side effects in most patients treated with these retinoids
were limited to the skin and mucous membranes and included cheilitis,
facial dermatitis, conjunctivitis, xerosis, dryness of the nasal mucosa
with mild nosebleeds, and easy peeling of the stratum comeum upon trauma
termed "skin fragility". Aside from skin fragility, the above side
effects were either more common or more severe during treatment with 13-
cis-RA than with Ro-10-9359. However, there were side effects that were
present in higher incidence in patients treated with Ro-10-9359. These
include: skin fragility, hair thinning (telogen) , itching, palmar peeling,
dry mouth with thirst, arthralgias, "stickiness" of the skin, and paro-
nychia. Laboratory abnormalities during therapy are limited to elevations
of the erythrocyte sedimentation rate, temporary low-grade elevations of
the transaminases in approximately 10% of patients which return to normal
values without discontinuation of therapy, and elevations of the alkaline
phosphatase, LDH, and serum triglycerides in a few patients.

In general, these side effects are dose-dependent in incidence and sever-
ity, relieved by adjunctive bland therapies, well-tolerated by the patients,

and totally reversible upon discontinuation of therapy.

Significance to Cancer Research :

a) These are exploratory studies of a new class of drugs (synthetic
retinoids) in the treatment of skin cancer. Skin cancer should prove to

be a valuable lesion for the screening of these agents because of tumors
are observable, measurable, and therefore can be used as an objective in-

dicator of response to therapy. Furthermore, the patients can be expected
to be in good health, which would allow for long term studies.

b) The profound beneficial effect of 13-cis retinoic acid in the treatment

of acne and both retinoids in the treatment of cutaneous keratinizing
diseases indicates that other keratinizing disorders of man, for instance,
preneoplastic squamous metaplasia of tracheo-bronchial and urinary bladder
epithelia, could be successfully treated with the synthetic retinoids.
Treatment of these keratinizing dermatoses and acne may also provide use-

ful information in the evaluation of newer and potentially more potent and
less toxic synthetic retinoids.
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Proposed Course of Project :

1) Continued treatment of patients with acne, basal cell carcinomas, and
disorders of keratinization with 13-cis retinoic acid (RO-43780)

.

2) Treatment of disorders of keratinization with topical RO-11-1430.

3) Treatment of disorders of keratinization with oral RO-10-9359.

Publications :

1) Peck, G.L., Yoder, F.W., Olsen, T.G., Pandya, M-Dv, Butkus , D.:

Treatment of Darier's Disease, Lamellar Ichthyosis, Pityriasis Rubra
Pilaris, Cystic Acne, and Basal Cell Carcinoma with Oral 13-cis-Retinoic
Acid. Dermatologica . 157 (suppl. 1): 11-12, 1978.

2) Peck, G.L., Olsen, T.G., Yoder, F.W., Strauss, J.S., Downing, D.T.,

Pandya, M. , Butkus, D., Arnaud-Battandier , J. Prolonged Remissions of

Cystic and Conglobate Acne with 13-cis-Retinoic Acid. New Eng . J. Med.

300: 329-333, 1979.
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Several murine retrovirus DNA genomes have been molecularly cloned in an EK2
certified prokaryotic system. The genomes include three covalently closed cir-

cular DNAs of Harvey sarcoma virus (Ha-SV) , a covalently closed circular DNA of

Friend murine leukemia virus (F-MuLV) , and two AKR MuLV genomes integrated in

mouse cell DNA. In a mouse cell tissue culture system, the Ha-SV DNA induces

foci of transformed cells, the F-MuLV DNA induces a virus which induces erythro-

leukermia in newborn mice with a latent period of less than one month, and the

integrated AKR MuLV DNA induces infectious virus. These molecules are being

used as probes to study the origin, structure, and function of specific regions

of the viral genomes and their flanking sequences.
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Project Description:

Objectives :

1) To evaluate the effect of cell differentiation, primarily by chemical

or hormonal treatment, on retrovirus expression and transformation in

cells in tissue culture.

2) To evaluate the effects on hormones and other chemicals on endogenous

and exogenous virus expression.

3) To gain insight into how the state of differentiation of a cell regu-

lates tumor virus expression.

4) To study viral recombination, especially as it relates to the develop-

ment of sarcoma viruses.

5) To develop a sensitive quantitative biologic assay of viral-specific

DNA (transfection) from C-type viruses.

6) To determine the effect of a variety of physical and chemical treat-

ments of the transfecting ability of viral-specific DNA.

7) To determine the physical differences between unexpressed and expressed

endogenous DNA, since transfection of expressed viral DNA is more easily

accomplished than that of unexpressed viral DNA.

8) To define the smallest size of cellular DNA which can yield infectious

virus_ and/or biologic activity.

9) To investigate the mechanism of activation of endogenous C-type viruses

by halogenated pyrimidines.

10) To determine if transfection by the DNA viral intermediate and/or the

DNA provirus is sensitive to the murine cellular Fv-1 gene, which restricts

the replication of some classes of murine C-type viruses.

11) To define that the portion of the sarcoma virus genome which induces

cellular transformation.

12) To utilize transfection as a method to detect portions of viral

genomes in tumors, including those of human origin.

13) To develop a radioimmune assay for wart viral protein(s)

.

14) To develop nucleic acid hybridization procedures for wart viral DNA.

15) To propogate wart viruses in tissue culture.

16) To measure the relatedness of viruses of warts from different

patients, including those from patients with epidermodysplasia verruciformis
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(EDV) , laryngeal papillomas, condyloma accuminata', flat warts, common
warts, plantar warts, and warts associated with innnunodef iciency.

17) To look for wart virus specific nucleic acid and/or antigen in skin
cancers of EDV, kerato-acanthomas, and other tumors.

18) Relatedness of wart viruses to other papova viruses.

Methods :

1) Treatment of cells or animals with hormones, othei> chemicals, and
tumor viruses. — —

2) Detection of retrovirus expression biologically by XC plaque test and
focus induction.

3) Radioimmune assays for viral antigens.

4) For the isolation of provial genomes, DNA is extracted form tissue
culture cells or tumors by the Marmur technique, except that proteinase
K is used instead of pronase, since higher molecular weight DNA is obtained
by this modification.

5) For isolation of the viral DNA intermediate, DNA is purified by the
Hirt procedure.

6) Transfection of DNA utilizes the calcium phosphate technique of Graham •

and Van der Kb as modified by Stow and Wilkie.

7) Virus is grown in sensitive tissue .culture cells and purified by
sucrose density centrifugation in a zonal rotor. Isotopically labeled
single stranded viral DNA probes are synthesized in an endogenous reverse
transcriptase reaction carried out in the presence of actinomycin D or in
exogenous reactions following purification of viral RNA on sucrose density
gradients.

8) Nucleic acid hybridization between viral probes and cell DNA is

carried out in liquid and analyzed by S^ nuclease or hybrization is per-
formed using the Southern Technique of transferring DNA from agarose gels
to nitrocellulose filters.

9) Infectious DNA is treated with restriction endonucleases and assayed
for residual biologic activity. This activity is then correlated with
the cleavage pattern of viral DNA.

10) Unintegrated and integrated viral genomes are molecularly cloned and
amplified in prokaryotic systems.

Results :

1) Building upon our previous observation chat unintegrated Harvey sar-
coma virus (Ha-SV) DNA could induce transformation of mouse cells, the
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covalently closed circular forms of Ha-SV DNA have been molecularly
cloned in a certified EK2 lambdaphage - E^. coli system. Recombinant
phages containing three different sized Ha-SV DNA inserts were obtained.
The smallest size insert contained one copy of the sequences present in

the viral RNA genome and was colinear with it. The middle size insert
was 0.65 kb larger, the increase in size being due to a 0.65 kb tandem
duplication of sequences derived from both the 3' and 5' ends of the viral
RNA. These forms correspond to molecules previously described for helper
independent retroviruses. The largest size insert, which was also found
in the DNA from which it was clonedj.was 0.65 kb larger than the middle
size insert; the increase was due to a tandem triplication of the 0.65

kb sequences duplicated in the middle size insert. Dtiring replication of

the recombinants in Rec and Rec E^. i:.oli , the middle and large size

inserts lost and acquired complete copies of the 0.65 kb sequence. All
three size Ha-SV inserts induced transformation of mouse cells with single
hit kinetics. Superinfection with a helper virus rescued focus forming

virus from these transformed mass cultures.

2) For many years, the Friend murine leukemia virus complex has been
known to induce an erythroleukemia when injected into newborn mice. The

short latent period (less than one month) has been attributed in part to

the spleen focus forming virus (SFFV) , a replication-defective virus within
the Friend virus stocks. SFFV was noted in the previous annual report to

represent an envelope recombinant between the Friend murine leukemia virus
(F-MuLV) and mouse xenotropic MuLV related sequences. Recently, however,

it was shown that end-point diluted F-MuLV, which was presumably free of

SFFV, induced erythroleukemia with a short incubation period. This F-MuLV

DNA genome has been molecularly cloned in the EK2 system noted above.

The DNA is infectious for mouse cells, and the virus induces erythroleu-
kemia in newborn mice after a short latent period. This result demon-
strates directly that inoculation with the F-MuLV sequences is sufficient

to induce rapid onset erythroleukemia. -

3) Transfection of infectious integrated retroviral DNA from cells which
are chronically infected with AKR MuLV can be readily accomplished with
a standard transfection assay. Under similar conditions, however, cellu-

lar DNA from the AKR mouse, which is known to contain the endogenous AKR
MuLV genome in an unexpressed form, is not infectious. The transfecting
AKR DNA can, however, become infectious if the recipient cells are treated
with 5-iodeoxyuridine, an agent known to activate AKR MuLV genomes in AKR
cells in tissue culture. In order to analyze in greater detail the struc-
tural basis of these observed biologic differences, the AKR MuLV genome is

being molecularly cloned as an unexpressed endogenous genome and as an

expressed integrated genome. A provisional restriction endonuclease map

of the unintegrated AKR MuLV DNA has been derived to facilitate comparison

of cloned DNA with a known AKR MuLV genome. Two integrated AKR MuLV DNA
molecules have been molecularly cloned. Both molecules contained the

sequences present in the unintegrated AKR MuLV DNA and both were infectious

for mouse cells under standard transfection conditions; their specific

infectivity differs by a factor of ten. While the structure-activity
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relationship of these molecules is being studie(r"in greater detail, the
unexpressed but inducible endogenous AKR MuLV DNA will also be molecularly
cloned.

Significance To Cancer Research :

C-type retroviruses have been implicated in tumors of a wide variety of
species, including man. The murine viruses of this group represent the
best studied mammalian retroviruses^ . they therefore represent excellent
models for the study of retroviral induced tumorigeneais.

The availability of molecularly cloned, viral DNA will facilitate the de-
tailed structural analysis of the viral genome and its cellular integra-
tion sites by providing specific genomic and sub-genomic probes for
studying the structural organization of virally related DNA and RNA se-
quences in normal and malignant tissues. A related problem which can be
addressed with these reagents is the potential role that recombination
plays in tumorigenesis.

The biologic activity of the molecularly cloned DNAs offers the opportunity
of inducing mutations in the viral DNAs at specific sites, amplifying this
DNA, and then observing the biologic consequences of these molecular alter-
ations. It should in this manner be possible to define rigorously those
regions of retroviral genomes responsible for specific functions, such as

transformation by Ha-SV and leukemogenicity by F-MuLV.

The cellular control of gene expression represents a fundamental problem
in tumor cell biology. The molecularly cloned AKR MuLV genomes will pro-
vide biologically active reagents which will permit the analysis of the
cellular mechanisms which control the expression of eukaryotic genes.
This question ultimately will be critical to understanding how eukaryotic
genes are at different times unexpressed, induced, or constitutively ex-
pressed. The answers to this question will bear directly on the approaches
which will be undertaken in the future to prevent or treat malignant
disease

.

Proposed Course :

Achieve stated goals.

Publications :

1) Lowy, D.R., Rands, E. and Scolnick, E.M. : Helper independent trans-
formation by unintegrated Harvey sarcoma virus DNA, J^. Virol . 26: 291-

298 (1978).

2) Lowy, D.R.: Infectious murine _leukemia virus from virus-negative AKR
mouse embryo cells. Proc. Nat. Acad. Sci., USA 75: 5539-5543 (1978).
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SUMMARY OF WORK (200 words or less - underline keywords)

As in EV, warts and skin cancers have been observed to occur with in-

creased frequency in immunosuppressed renal transplant patients, the skin

cancer almost exclusively in light-exposed areas. HPV5 (Human Papillomavirus)

which previously had been found exclusively in EV warts has been found in warts

from two renal-transplant patients. One wart was found infected was both HPV3

and 5. To date no HPV has been found in skin cancers of either EV or renal-

transplant patients. No HPV has been found as yet in genital Bowens lesions or

in laryngeal papillomas. These latter studies are preliminary.
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Project Description:

Object :

To collect and study warts and skin cancer from patients with EV, renal
transplantations, and genital Bowen's disease. To identify such warts
as to HPV type and to search the cancers for the presence of HPV. To
attempt to identify HPV type in laryngeal, anal, and oral papillomas.

Materials:

Skin and genital biopsies of warts and cancers from renal transplant
patients, EV patients, patients with genital Bowens disease. Oral
laryngeal biopsies of patients with—oral and laryngeal papillomas. Serum
from these patients.

Methods Employed :

Histological and electron microscopic study of biopsy material for viral
cytopathogenic effect and for the presence of HPV.

Identification of HPV type by immunofluorescence hybridization and bio-
chemical techniques.

Extraction of viral DNA. Isolation of virus.

Major Findings :

1) Warts and skin cancer have increased incidences in renal transplant
patients.

2) HPV 3 is most common type in these patients.

3) HPV 5 found in warts from 2 patients.

4) One lesion was found infected with HPV 3 and 5.

5) No HPV identified get in skin cancers, genital Bowens, laryngeal or

oral papillomas.

Significance to Cancer Research :

Warts occur in almost everyone at one time or another, but are only rarely
associated with skin cancer. In EV and some immunosuppressed renal
transplant patients chronic disseminated warts are associated with an
increased incidence of skin cancer, primarily occuring in sun exposed skin.
Most EV patients are genetically immunodepressed; patients with renal
transplants and therapeutically immunosuppressed. Wart virus/ immune
system/ sunlight/ cancer relationships .in both groups of patients might
provide information as to causes and mechanisms of oncogenesis.
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Publications :

1. Lutzner, M.A.: Epidermodysplasia Verruciformis. Bull. Cancer
65: 169-182, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords) Increasing evidence indicates that
circulating antigen-antibody complexes play a role in the pathogenesis of a
variety of dermatologic, rheumatologic, neoplastic and infectious disease states
We have identified and partially characterized the immune complexes which exist
in several diseases i.e. systemic lupus erythematosus , Sjogren' s syndrome ,

mixed cryoglobulinemia , mixed connective tissue disease , acute and chronic sch-
istosomiasis , and various types of cutaneous and systemic vasculitis

.

Utilizing
two highly sensitive radioimmunoassays for detecting immune complexes i.e.

I-Clq binding assay and the Raji cell radioiiranunoassay . We have determined th^

antibody classes present in the immune complexes and examined the physiochemical
characteristics of these complexes, as well as the reaction of these complexes
with mediators of inflammation such as the complement system. We have examined
the correlation between absolute levels of circulating immune complexes, the ex-
tent and severity of clinical disease, and reticuloendothelial system function.
We have also examined prospectively and retrospectively the effect of various
treatment modalities on serum levels of immune complexes and the correlation be-
tween clinical improvement, decreasing levels of immune complexes and improved fui^c-

tion of the reticuloendothelial system and decreasing amounts of immune complexes.
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Project Description:

Objectives :

1) To further characterize circulating immune complexes in human diseases

with regard to size and to identify the nature of the antigen.

2) To develop reliable methods for specifically purifying immune complexes,

3) To continue clinical studies of immune complex diseases and to further

assess the effects of therapy on levels of immune complexes and reticulo-r-

endothelial system clearance functinnT'

4) To develop immune complex assays capable of detecting soluble IgA and

IgM containing complexes. o-

Material :

Serum, red blood cells and skin biopsies from patients and controls will

be used. Purifeid human Clq, Raji cells, and I (Bolton-Hunter reagent)

and specific antisera are used in the immune complex assays.

Methods Employed :

125
I-Clq binding assay, Raji cell radioassay, direct and indirect immuno-

fluorescence, Fc specific reticuloendothelial system clearance assay,

column chromatography, sucrose density gradient ultracentrifugation.

Maj or Findings :

1) We have demonstrated that a high percentage of patients with Sjogren's

syndrome (SS) have circulating immune complexes.

2) The immune complexes (IC) in SS patients are distinct from IgG and IgM

rheumatoid factor.

3) The IC are predominantly IgG in type.

4) Some patients with SS have an Fc specific reticuloendothelial system

(RES) clearance defect.

5) The RES clearance defect in the SS patients correlates with the extent

of clinical disease but not with the amount of circulating IC

.

6) A high percentage of patients with systemic lupus erythematosus (SLE)

have circulating immune complexes.
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7) Patients with SLE have an Fc specific RES clearance defect.

8) The magnitude of the clearance defect and the amount of IC as measured a
by the I-Clq binding assay and the Raj i cell assay are highly corre- "

lated.

125
9) The amount of IC in SLE patients as measured by the I-Clq binding
assay is highly correlated with disease activity scores, serum C3, and
serum C4 levels. This suggests that the I-Clq binding assay may be a
valuable method in which to clinically monitor patients with SLE.

10) A high percentage of patients with acute schistosomiasis have been
shown for the first time to have circulating IC , as opposed to relatively
few patients with chronic schistosom-iasis.

11) The levels of IC in patients with acute and chronic schistosomiasis
paralleled the degree of clinical disease activity between the two groups.

12) The IC in acute schistosomiasis contained relatively large amounts
of IgG and IgM but specific parasite antigens could not be defined.

13) The level of circulating IC in patients with acute schistosomiasis is
inversely correlated with the absolute eosenophil count, and observation
compatible with the hypothesis that a functional role for the eosenophil
is the destruction and elimination of IC.

14) We have demonstrated for the first time that patients who have
necrolytic migratory erythema, until now considered to be a pathogonomonic
marker of A-cell tumors of the pancreas, need not have a glucagonoma.

15) Patients with primary biliary cirrhosis have circulating IC and a
defect in C3b mediated RES clearance.

16) Patients with the hypereosenophilic syndrome demonstrate a variety of
immunologic abnormalities such as elevated serum levels of IgE, complement
abnormalities and soluble IC which may be primarily or secondarily related
to the pathogenesis of this disease.

17) We have described a new, distinctive, relatively common pruritic
cutaneous eruption of third tremester of pregnancy and have termed it prur-
itic urticarial papules and plaques of pregnancy.
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